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SELENIUM RUBY GLASS* 


By Joun D. SULLIVAN AND CHESTER R. AUSTIN 


ABSTRACT 


This paper presents the results of an experimental study on the production of selenium 
ruby glass, particularly on the retention of the colorants during the melting and fining 
operations. Selenium, cadmium, and sulfur are necessary in the final glass to get a ruby 
color. Reducing conditions are conducive to the retention of a large percentage of the 
selenium in the glass, but when conditions are highly reducing, cadmium is eliminated 
almost completely. The writers believe that too little attention has been given in the 
past to the chemistry of the entire glass batch, and as a result operators and research 
workers have often failed to get a ruby glass not because the loss of selenium was too 
high but because they eliminated the cadmium by maintaining too strongly reducing 
conditions. 

A balance must be maintained so that the batch and the atmosphere above it are 
sufficiently reducing to hold enough selenium in the melt but not so strongly reducing 
as to eliminate the cadmium. The use of silicon as a reducing agent is suggested. 

Most of the work reported in this paper was done on soda-lime-silica glasses similar 
to those melted in continuous tanks for the production of machine-made ware. A glass 
of this composition, containing 0.03% of selenium, 0.06% of cadmium, and 0.03% of 
sulfur, will produce a ruby color. The writers have found that if the cadmium is 
added as cadmium sulfide the final glass will have sufficient sulfur for color development. 


An arrested-cooling procedure for developing color is described briefly. 


i. Introduction 


This paper reports the results of experimental work 
on factors involved in the production of selenium ruby 
glass. Consideration is given more specifically to the 
retention of the ruby-developing colorants in the glass 
during the melting and fining processes. There is 
fairly general agreement among operators and research 
workers that the selenium ruby co'or is due to a pre- 
cipitated compound comprising selenium, cadmium, 
and sulfur. Some evidence also substantiates the be- 
lief that the color is due to cadmium sulfoselenide. 
The theory of ruby-color formation is not particularly 
stressed in this paper, but the authors hope at a later 
date to report on a research program, already substan- 
tially completed, on this subject. 

Most commercial selenium ruby glass, such as that 
used in signal glass, has been made with a base glass 
which contains appreciable amounts of zinc oxide. A 
typical composition is as follows: 


* Presented at the Glass Division Autumn Meeting, 
Conneaut Lake, Pa., September 13, 1941. Received 
July 10, 1941. 


Ingredient (%) Ingredient (%) 
SiO, 69.2 ZnO 9.4 
Na,O 16.0 0.5 
K,0 3.1 1.4 
Al,O3 0.4 Total 100.0 


Virtually all commercial selenium ruby glasses are 
made in pots or in small day tanks. It is rather well es- 
tablished that selenium losses are less in crucible or pot 
melting than in the open-flame type of furnace. 

Although most of the experiments reported here were 
conducted on soda-lime-silica glasses, enough work was 
done with zinc oxide-containing glasses to show that 
the same general factors which involve the retention of 
colorants in manufacture hold. 

In the customary commercial methods of making 
selenium ruby glasses, 1% or more, by weight, of sele- 
nium, usually in metallic form, is added to the batch. 
Cadmium and sulfur are usually added as cadmium sul- 
fide, frequently in amounts of 0.8% or more, by weight, 
of the raw batch. The analyses of commercial selenium 
ruby glasses showed, however, that the selenium con- 
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tent seldom exceeded 0.20% and was frequently much 
lower. The work reported in this paper, moreover, 
showed that satisfactory ruby glasses can be produced 
with the selenium content as low as 0.03 or 0.04%. A 
large percentage of the selenium is lost in the melting 
and fining operations; an appreciable excess, therefore, 
must be present in the batch in order to have enough 
in the final glass. This statement is true regardless of 
the form in which the selenium is added. It was added 
in various forms in this investigation, but the retention 
usually was substantially as good, and frequently better, 
when metallic selenium was employed than when other 
forms were used. For this reason, unless stated to the 
contrary, the metallic form was used in the work here 
reported. In small-scale tests, however, P,Ses and 
NaCNSe effected better retention than the metallic 
form. 

As will be shown in section II (7A), selenium, cad- 
mium, and sulfur must be present in the final glass to 
get a ruby color. Conditions which are conducive to 
retaining selenium in the melt may effect a substantially 
complete loss of the cadmium, and glasses containing 
even more than 0.5% of selenium will not produce a 
ruby color if cadmium is absent or too low. Past ex- 
perimenters and operators appear to have frequently 
neglected the consideration of retaining cadmium in 
the melt, and they have also incorrectly placed the 
blame for failure to develop color on the loss of selenium 
rather than on the loss of cadmium. The ruby glasses 
of the selenium-cadmium-sulfur type are referred to 
here as “selenium ruby” to conform to the usual trade 
practice. 


ll. Experimental Work 
The following information is given to clarify and to 
simplify the presentation of the experimental work, the 
data, and the discussion. It will hold in all cases unless 
specifically stated to the contrary. 


(1) Base Gless 
The base glass fell in the following composition 
ranges: 


Ingredient Weight (%) 
SiO, 69-74 
Al,O; 1-4 
Na,O + 13-16 
CaO + MgO 7-13 


(2) Fuel and Gaseous Atmosphere 

Natural gas was used both in the crucible and in the 
day-tank meits. A reducing atmosphere above the 
melt, as used in this paper, indicates one which contains 
no free oxygen and from 1 to 4% of free carbon mon- 
oxide, CO. 


(3) Crucibles and Day Tank 

Crucible melts were made in gas-fired pot-type fur- 
naces. The crucibles had a batch capacity of 500 or 
3000 gm. The 500-gm. batch crucibles were the fire- 
clay type, and the latter were the mullite type. 

The day tank most widely used (Fig. 1) was lined 
with mullite-type flux blocks. The capacity was about 
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500 Ib. of melt. A few tests, however, were made in a 
600-Ib. capacity tank. 


(4) Development of Color 

The color was developed by ‘‘fire striking” in some 
instances and in others by an arrested-cooling proce- 
dure. As this discussion is devoted primarily to the 
chemistry of retention of the color ingredients, the 
particular method in which the color was developed is of 
secondary importance. In section II (9), an arrested- 
cooling procedure, developed in this study, is described 
briefly. 


Fic. 1.—Day tank. 


(5) Oxidizing vs. Reducing Conditions 

Even in crucible melts where conditions are most 
favorable, with 1.0% of selenium in the batch, the re- 
tention was practically zero unless reducing conditions 
were maintained. If no reducing agent was added to 
the melt and if the gaseous atmosphere was oxidizing, 
that is, if it contained no free carbon monoxide, virtually 
all of the selenium was lost. It may be possible to re- 
tain sufficient selenium in the crucible melts by main- 
taining a reducing gaseous atmosphere; in day-tank 
melts, however, it is necessary to have a reducing agent 
in the melt and to maintain a reducing atmosphere 
or one only slightly on the oxidizing side. 

The following crucible tests show the effect of the ad- 
dition of carbon (lampblack) on the retention of sele- 
niumin the melt. In each test, the batches were charged 
at 2700°F., held in the furnace for 3 hours, and then 
removed from the furnace. ‘ise atmosphere was re- 
ducing. 


Base batch + 1% Se + 0.6% CdS 
Base batch + 1% Se + 0.6% CdS + 1.0% C 


0.013 
0.69 


(A) Day-Tank Tests: A description of two tests is 
given to show how rapidly selenium was lost in a day 
tank even though the atmosphere above the melt was 
reducing. 

Test A: The ingredients, which were melted in a day 
tank on a schedule given in Fig. 2, and the calculated 
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Selenium Ruby Glass 


oxide composition of the base glass, excluding color-=nts, 
are as follows: : 


Ingredient (Ib.) Ingredient (%) 

Sand 355 SiO», 72.5 
Soda ash 114 _Na,O 12.5 
Burned dolomitic lime 62 K,0 1.6 
Feldspar 68 CaO 6.6 
Selenium 6 MgO 4.4 
Cadmium sulfide 3.6 Al,O; 2.5 

100.0 


Additions of 1.0% of selenium and 0.6% of cadmium 
sulfide were made to the raw batch, and the tank tem- 
perature was about 1850°F. at the start of charging. 
During the first 8 hours of the melt, the furnace atmos- 
phere was maintained at about 3 to 4% of carbon 
monoxide and no free oxygen. During the last period, 
the atmosphere contained 1 to 2% of carbon monoxide. 

The results of the chemical analyses for selenium, 
which were made on trials drawz during the melt, are 
also plotted in Fig. 2. The final selenium content, 
however, was too low to yield a ruby color. 
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Fic. 2.—Melting schedule and corresponding selenium 
content of melt. 


CARBON ADOED 


| 


SELENIUM IN FINAL GLASS 


Fic. 3.—Effect of amount and form of carbon on selenium 
retention; 0.17% of Se in batch. 


Test B: This test was run under substantially iden- 
tical conditions of test A, but sodium silicate contain- 
ing 22.9% of Na,O and 74.4% of SiO, replaced all of 
the soda ash, and the remainder of the batch was ad- 
justed to give the same oxide composition as in test A. 
The final selenium content was 0.04%, which was 
about twice that in the previous test, sufficient to de- 
velop a ruby color. 
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In the tests A and B, no reducing agents were added 
to the melt. Although crucible or pot melting might 
be carried out successfully without the use of reducing 
agents in the melt, it appears that some reducing agent 
sholud be present in day tanks or in full-size continuous 
melting furnaces. 


(6) Effect of Various Reducing Agents on Selenium 


Data are given in Fig. 3 on the effect of various reduc- 
ing agents on the retention of selenium in crucible 
melts. When strong reducing agents were present, even 
in moderate amounts, a substantial percentage of the 


(7) Effect of Reducing Agents Retention of 
ucing on on 


A 400-Ib. melt in a day tank employed an addition 
of 1.0% of selenium, 0.6% of cadmium sulfide, and 
1.0% of carbon. The final glass did not produce a 
ruby color by any of the ordinary heat-treatment meth- 
ods, but it contained 0.59% of selenium. The use of 
carbon effected the retention of selenium, but it caused 
the loss of some ingredient essential to the formation 
of the ruby color. Chemical analysis proved that the 
glass had 0.13% of total sulfur in addition to 0.59% of 
selenium but 0.00% of cadmium. The use of carbon, 
therefore, while effective in retaining selenium in the 
melt, caused the loss of all of the cadmium, and the re- 
sultant glass was not a ruby. A large amount of sele- 
nium in the final glass has a tendency to give a brown 
cast to the glass, and carbon has the same tendency. 

Data are given in Table I on four tests, in three of 
which a reducing agent was added. Test No. 1 is that 
just described. Tests Nos. 1, 2, and 3 did not produce 
a ruby color, whereas No. 4, which was melted without 
a reducing agent, resulted in ruby color. It was also 
the only one to contain cadmium. Many other tests 
could be reported, but these given are typical and show 
why, in the past, many operators and research workers 
have erroneously believed that because selenium was 
lost they were not getting a ruby glass. The chemis- 
try of the entire system involved must be considered. 


TaBLe I 
CHEMICAL ANALYSES OF GLASSES 


Per cent in final glass 
Added ingredients (%) - =m 


Glass - Total 

No. Selenium CdS Carbon Selenium sulfur Cadmium 
1 1.00 0.6 1.0 0.58 0.13 Nil 
2 0.12 0.6 0.25 0.06 0.13 - 
3 0.34 0.6 0.17* 0.04 0.05 = 
4 0.60 0.6 0.08 0.038 0.06 
* Added as NaCN. 


Experiments on the addition of cadmium in various 
forms indicate that cadmium sulfide is as effective as 
any form in respect to cadmium retention. 

(A) Other Reducing Agents: The study of the forma- 
tion of selenium ruby glass therefore resolved itself to 
determining the conditions which are sufficiently re- 
ducing to effect the retention of enough selenium but 
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not so harsh as to cause the loss of too much cadmium. 
The minimum amount of cadmium required in the 
glass to get a ruby cannot be stated definitely, but it is 
approximately 0.06%. The chemical analyses indicated 
that the total sulfur was present in adequate amounts 
in all cases, but the methods of analysis unfortunately 
do not differentiate the various forms in which the sul- 
fur may be present. 

Carbon, for example, in the form of lampblack has 
the disadvantage that it tends to discolor the glass. A 
study was made in 3000-gm. crucibles of the following 
general classes of ‘‘mild”’ reducing agents: (1) sulfur and 
sulfur-containing compounds, (2) silicon and silicon- 
containing compounds, and (3) lignin products. In all 
instances, 1.0% of selenium and 0.6% of cadmium 
sulfide were employed, and the batches were added to 
crucibles at 2700°F., melted, and fined for 4 hours at 
that temperature. A reducing atmosphere was main- 
tained. 

The results with sulfur were not particularly encour- 
aging, and 4% was necessary to retain 0.04% of sele- 
nium in the final glass. 

The use of silicon, 60-mesh in size and of metallurgical 
grade, gave encouraging results, and as little as 0.05% 
of silicon in a batch containing 1.0% of selenium and 
0.6% of cadmium sulfide resulted in a sufficient quantity 
of selenium, cadmium, and sulfur in the final melt. 
An addition of 1.0% of silicon yielded a glass containing 
0.77% of selenium. Silicon carbide and calcium sili- 
cide also resulted in a high-selenium retention, but no 
recommendation can be made as to their use because the 
purpose of the tests in which they were used was solely 
to study retention. 

Lignin products, like carbon, had the disadvantage 
of imparting a brown color to the glass. 


(8) Other Factors on Selenium Retention 

(A) Variations in Composition: Five glasses of vary- 
ing composition but of the soda-lime-silica type were 
melted in crucibles without the addition of reducing 
agents but with a reducing atmosphere. The results 
given in Table II show that the selenium retention was 
practically the same in all cases. 

Zinc Oxide: One melt containing an appreciable 
amount of zinc oxide showed that, although the final 
glass of the composition given in Table III contained 
0.32% of selenium, it did not develop a ruby color ex- 
cept by extremely slow cooling in the crucible. 

High Potash: Several melts were made to determine 
the effect of replacing NazO by K,O. Frequent refer- 
ences in the literature advocate the use of K,O in sele- 
nium-ruby glasses. The calculated oxide compositions 
of the glasses studied and of the soda-lime-silica base 
glass are given in Table IV. Apparently no benefit was 
derived from the substitution of K,O for Na,O in a base 
glass of the composition used in this work. The 
potash glasses had an extremely short working range 
and were difficult to ‘‘gather’’ by the usual method. 

(B) Effect of Additions of Iron, Cobalt, and Nickel 
Compounds: The additions of small amounts of various 
compounds of iron, cobalt, and nickel to a selenium- 
containing batch considerably increased the retention 
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of selenium. As shown in Table V, from four to six 
times as much selenium was retained when iron, cobalt, 
or nickel were added. Compound formation may 
account for this increased retention of selenium. 
These observed facts are of fundamental interest and 
may be particularly significant in decolorizing glass by 
selenium. 

The additions given in Table V are not recommended 
for producing a ruby glass, and the only purpose of in- 
cluding these data is to show the effect of the additions 
on selenium retention. 


(9) Color Development by Arrested Cooling 
Commercial selenium-containing ruby glasses as 
formed ordinarily are not ruby colored, and the color 
is developed by a reheating operation after the ware 
is formed or is in the mold. The present research 
showed that the ruby color can be developed in soda- 
lime-silica glasses by a simple arrested-cooling opera- 
tion, such as that commonly employed in the metallur- 
gical field in the heat-treatment of metals and alloys. 
Briefly, the process consists of melting the batch in the 
usual manner at about 2700°F. After melting and 
fining, the glass is allowed to cool to about 2200° to 
2300°F., depending on its composition. The glass, 
which is delivered at this temperature usually in “‘gobs’’ 


TAaBLe II 
CALCULATED OxIpE COMPOSITIONS OF VARIOUS BASE 
GLASSES 
Per cent in glass 
Ingredient A D F G H 
SiO, 72.5 72.5 72.5 72.5 74.4 
Na,O 12.5 15.0 13.5 14.0 12.8 
20 1.5 1.5 1.5 1.5 1.5 
CaO + MgO 11.0 8.5 10.0 9.5 8.7 
Al 2.5 2.5 2.5 2.5 2.6 
Se (added) 0.6 0.6 0.6 0.6 0.6 
Se in 
glass (by 
analysis) 0.026 0.03 0.020 0.022 0.025 
TaB_e III 
COMPOSITION OF Zinc-BasE GLass 
Ingredient (%) Ingredient (%) 
SiO, 69.9 CaO 3.2 
Al,O; 2.4 MgO 2.1 
Na,O 12.0 Se (added) 0.6 
K,0 1.4 CdS (added) 0.6 
ZnO 9.0 
TaBLe IV 
CoMPOSITION OF HicH-PoTAsH GLASSES 
Per cent in glass 
Ingredient KB KC KD A* 
SiN, 68.1 74.2 66.6 72.5 
N20 0.4 0.4 0.4 12.5 
K,0 18.7 11.4 20.4 1.5 
Al,O; 2.3 2.5 2.3 2.5 
MgO + CaO 10.5 11.5 10.3 11.0 
Se (added) 0.8 0.8 0.8 0.8 
CdS (added) 0.6 0.6 0.6 0.6 
* Soda-lime-silica base glass used previously 
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Selenium Ruby Glass 


of sufficient size to form the desired article, is then sub- 
jected to an arrested cooling in the temperature range 
of 1400° to 2000°F. The length of time the glass is 
held in this range to develop the color depends on the 
temperature. At 1400°F., only 5 to 10 seconds is 
necessary, whereas at 2100°F. the time is about 1 
minute. After the arrested cooling procedure, during 
which the ruby color develops, the molten mass of glass 
is formed into the desired shape by some standard 
method. This process leads to a more uniform color 
throughout the piece than that obtained by fire striking. 


TABLE V 


Errect OF ADDITIONS OF IRON, COBALT, AND NICKEL 
CoMPOUNDS ON SELENIUM RETENTION 


Selenic 
retained in 
Batch Compound added (%) final melt (%)t 
A* CoCO; 0.10 0.25 
A Fe .10 22 
A Fe .50 .20 
A Fe,O; .23 
A FeC .10 .24 
A FeC,0,.2H,0f 13+ .30 
A iO -10 
A None .05 


* See Table II for composition. 
t 0.6% of selenium added to batch throughout. 
t 0.2% of C also added. 


lll. Discussion 

The chief purpose of this discussion is to show that 
the entire chemistry of the glass batch must be kept in 
mind in any work on the production of selenium ruby 
glass. The present studies as well as the work of other 
experimenters have demonstrated that oxidizing condi- 
tions are conducive to high selenium losses. In manu- 
facturing signal glass, for example, 1 to 1.5% of selenium 
is usually added to the pots in order to have enough in 
the final glass to get the desired color. Selenium is 
expensive, and the production of cheap glass requires 
that its loss be not too great. This problem is aggra- 
vated further in making a selenium ruby glass in a tank 
because the losses are higher than when pots are 
used. Even if the gases over the melt are reducing, 
the selenium losses are great because of the high vapor 
pressure of selenium or of one oi its compounds, 
possibly the oxide. The rapid sweeping of combus- 
tion gases over the melt intens‘fies the removal of 
selenium. 

It is necessary, therefore, to add something to the 
batch to hold the selenium in the melt. Oxidizing 
agents are fatal because selenium dioxide, SeO», has a 
high vapor pressure and sublimes at as low as 317°C. 
(603°F ). As shown in this work, recucing agents are 
effective in holding large percentages of the selenium 
in the melt, and as much as 78% has been thus re- 
tained under certain conditions. Strong reducing 
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agents, however, such as carbon, unfortunately elimi- 
nate cadmium, and as a result a ruby color is not ob- 
tained. The retort process for obtaining cadmium and 
zinc, which is familiar to metallurgists, explains why 
cadmium would be lost when strong reducing agents 
are present in the melt. If carbon-containing reducing 
agents are present in appreciable amounts, they dis- 
color the glass, usually giving a brownish cast. 

It is clear, therefore, that controlled reducing condi- 
tions within the melt are necessary to retain both se- 
lenium and cadmium in the melt in requisite amounts. 
Definite recommendations cannot be made at this time, 
but the use of metallic silicon, which forms silicon di- 
oxide on oxidation, seems to be a promising lead. Other 
experimenters may find something better, and it is 
hoped that others will conduct fundamental studies 
on the retention of the three necessary ingredients 
selenium, cadmium, and sulfur. With a knowledge of 
what must be accomplished, the goal should be rea. zed. 

It has been demonstrated that a ruby glass can be 
made in day tanks with soda-lime-silica base glasses, 
similar to those used in machine-made ware. It also 
appears possible to make such selenium ruby glasses in 
continuous tanks and to form the ware by machine 
methods. 


IV. Analytical Methods 

The selenium was determined by the distillation 
method of Pavlish and Silverthorn.' 

The cadmium was determined by dissolving the 
sample in a mixture of hydfochloric, nitric, sulfuric, 
and hydrofluoric acids and fuming, diluting, and pre- 
cipitating the cadmium as CdS with hydrogen sulfide. 
The precipitate was contaminated with selenium; so 
it was dissolved in nitric and sulfuric acids, and the 
selenium was precipitated with sulfur dioxide. After 
filtration, the cadmium was again precipitated as sul- 
fide and subsequently converted to cadmium sulfate, 
CdSO,, and weighed. 

The sulfur was determined by fusing the sample with 
a mixture of sodium carbonate and potassium nitrate, 
leaching, acidifying with hydrochloric acid, and boiling 
to reduce selenates, and precipitating with barium 
chloride as BaSO,. The precipitate was then treated 
with hydrofluoric and sulfuric acids to remove silica, 
ignited, and weighed. 
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SELENIUM BLACK GLASS* 


By Cuaester R. Austin AND Jounn D. SULLIVAN 


ABSTRACT 


A black glass was made by melting a soda-lime-silica glass under a reducing atmosphere 
with the addition of 0.6% of selenium and 0.1% of cobalt carbonate, CoCO,. The light 
absorption of a specimen about 0.01 inch thick in the range of 400 to 750 my was superior 
to that of commercial black glass. The maximum transmission was 27% at 750 mu. 
The use of nickel and iron oxides is less effective than cobalt oxide for obtaining sele- 


nium black glass. 


1. Introduction 

In a general investigation on the role and uses of 
selenium in glass, the production of various colored 
products was studied. One of the most interesting was 
black glass of the soda-lime-silica type with only rela- 
tively small additions of colorants. The present 
method of manufacturing black glasses usually involves 
the addition of substantial amounts of colorants, such 
as oxides or sulfide of iron or oxides of manganese and 
iron and oxides of nickel and cobalt. Inasmuch as 
these additions often amount to 10 to 15% of the entire 
batch, the working properties of the glass are often 
affected adversely. It would appear, therefore, that 
a batch composition and a process to obtain a black 
glass containing only minor amounts of color-produc- 
ing ingredients would be useful. 


ll. Experimental Work 
The authors have discussed the experimental proce- 
dure and results in producing a selenium ruby glass,' 
and as the general operations used were the same, they 
are not repeated here. All of the results given here are 
on base glasses in the following composition ranges: 


Ingredient Weight (%) 
SiO, 69-74 
Al;O3 4 
Na,O + K,0O 13-16 
CaO + MgO 7-13 


Most of the work was done with a base glass of the 
following composition : 


Ingredient (%) Ingredient (%) 
SiO, 72.5 CaO 6.6 
Na,O 12.5 MgO 4.4 
K,0O 1.5 Al,O; 2.5 


All of the experiments were made in crucibles up to 
3000-gm. batch capacity with natural gas as the fuel. 
The term “reducing atmosphere” above the melt as 
used in this paper indicates one which contains no free 
oxygen and from 1 to 4% of free carbon monoxide, CO. 
The importance of reducing conditions in the retention 
of selenium has been pointed out in the previous paper.' 
In the present work on black glass, experiments were 
made with oxidizing and reducing atmospheres. Re- 


* Received October 20, 1941. 
1J. D. Sullivan and C. R. Austin, “Selenium Ruby 
Glass,” this issue, pp. 123-27. 


ducing agents were not added to the batch in most 
cases, but they are even more effective in retaining se- 
lenium than reducing atmospheres.' 


(1) Effective Additants 

The addition of oxides or oxide-forming compounds 
of cobalt, nickel, or iron with selenium was effective 
in producing a black glass. Cobalt was the most effec- 
tive, and the best black was obtained from a batch con- 
taining 0.6% of selenium and 0.1% of cobalt carbonate. 
Larger amounts of selenium were not necessary. The 
best procedure in making the black glass was to melt 
at about 2700°F., cool, and form. 
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Fic. 1.—Transmission curves; specimen 0.01 in. thick. 


Figure 1 gives transmission curves of black glass, 
which was made from a batch containing 0.6% of se- 
lenium and 0.1% of cobalt carbonate, and of a com- 
mercial black glass in the wave-length range of about 
400 to 750 my». The specimens were approximately 
0.01 in. thick. The experimental glass contained 
0.18% of Se. The selenium-cobalt glass was superior 
in absorption in the “black range.”” Its maximum 
transmission up to 750 my was 27%, whereas the mini- 
mum transmission for the commercial glass was 34% 
at 475 my, and at 750 my, the transmission was 82%. 


(2) Effect of Amount of Selenium Added 

In the crucible melts with reducing atmospheres of 
the type used, it appeared necessary to use about 0.6% 
of selenium in the batch. Additions of 0.4% gave a 
black color but one not so opaque as with the larger 
addition. In this connection, however, the retention 
of selenium in the final melt rather than the amount 
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added in the raw batch is the governing factor. On the 
basis of the work done, it would appear to be necessary 
to have at least 0.15 to 0.20% of selenium in the final 
glass. This retention might be effected by the addi- 
tion of a small amount of a reducing agent to the batch 
even if less than 0.6% of selenium is used initially. If 
the atmosphere is oxidizing enough, selenium is not 
retained even when 0.6% is added. In a test main- 
taining 3% of free oxygen in the atmosphere above 
the melt and with no reducing agent in the batch, the 
final glass had 0.02% of selenium. This glass was not 
black, but due to the cobalt, it had a blue color. 

The work also indicated that 0.05% of CoCO; was 
not enough to produce a black color when 0. *% of 
selenium was used in the batch. 


(3) lron and Nickel Oxides 

Oxides of iron and nickel were not so effective as co- 
balt. Nickel oxide yielded an opaque black glass, but 
the color had a brownish-black cast. It also appeared 
necessary to add more Ni,O; than CoO. The color 
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from iron additions likewise was on the brownish-»lack 
side, and more Fe,O; than CoO was necessary. 


Ill. Discussion 


The results indicate that it is possible to get an excel- 
lent black glass with only minor additions of colorants. 
Less than 0.2% of selenium and less than 0.1% of co- 
balt (0.1% of CoCO; = 0.05% of Co in batch) would 
seem to be necessary in the final melt to give a black 
color. The batch must be melted under reducing con- 
ditions or with a reducing agent in the batch. The 
small amount of colorant does not affect the working 
properties of the glass. There should be commercial 
applications both in pressed ware and in structural 
type of glass. 
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ZIRCONIUM OXIDE AND THORIUM OXIDE IN CERAMICS* 


By Norpert J. 


ABSTRACT 


The properties of the most important zirconium compounds are correlated to the main 
ceramic applications of these compounds, namely, refractories, ceramic bodies, binders, 
cements, glazes, glasses, and enamels. A brief survey of the information available on 
the systems MgO-ZrO;, TiO,-ZrO:, SiO,-Na,O-ZrO,, and several other systems is in- 
cluded. The more specific ceramic properties are summarized in short descriptions of 
the applications to each single ceramic field. The ceramic uses of thorium oxide are 


listed. 


|. Introduction 

Engineering is predominantly responsible for the 
progress of the ceramic industries. Energy-saving 
mass production has not only increased the importance 
of these industries but has also financed ceramic re- 
search and has stimulated new pioneer branches of 
ceramics. This present development might be called 
the third period of ceramic knowledge. The first is the 
hit-and-miss period of valuable traditions which covers 
several thousand years, and, in many branches of ce- 
ramics, it reaches well into the present century. The 
second period is closely related to the chemical achieve- 
ments of the 19th century. Chemistry and physics 
first analyzed the traditional experience of the preced- 
ing period, and then, rapidly and systematically, intro- 
duced elements, compounds, processes, and research 
methods to achieve an admirable expansion. The de- 
velopment of optical glasses and of ceramic colors is an 
example of this period. 

In the present period, chemical and physical research 
is continuing as the faithful servant of ceramic engineer- 
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ing. Apart from the perpetual value of continued fun- 
damental research, another lasting task of chemical 
and physical investigations of immediate service to 
these industries is the utilization of raw materials of 
local importance or of low cost and the development of 
rarer materials. 

Are all rare materials definitely applicable to the 
ceramic industry, or must they be excluded from it? 
Can it be that rarity, an unchangeable attribute of cer- 
tain forms of matter, is sometimes confused with the 
fluctuating attributes of availability and cost? A 
chart of the occurrence of some elements in the earth's 
crust (Fig. 1) proves that there is a tendency to con- 
sider some elements as being rare which do not belong 
in this classification. The height of the twelve steps on 
the chart symbolizes the occurrence of a number of ele- 
ments on a logarithmic scale. The lowest step repre- 
sents an occurrence of 10~'°%, the highest an occurrence 
of 10%. 

Zirconium, thorium, cerium, and the rare earths are 
so-called rarer materials. These elements, which 
can be useful for ceramic ware, are the subject of this 
discussion. None will be found on any of the lower 
steps; rather, all of them occur in an abundance of 
1/1e00 to '/10%. Beryllium precedes such familiar ele- 
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ments as arsenic, tin, and antimony; thorium also pre- 
cedes these, as well as lead; and cerium and zirconium, 
which are five times more frequent than zinc and of the 
order of 100 times more abundant than tin. 


log occurrence 


64664 


O Whe BelAs Sn Sd ir ith 


Fic. 1.—Occurrence of some elements in the earth’s 
crust (according to Clark and Washington). 


Some of the so-called rarer materials, therefore, are 
not rare; they are (or were) not so easily available or so 
cheap because they always appear together with other 
elements and cannot be separated easily or at suffi- 
ciently low cost. 

The use of these rarer materials is increasing with the 
development of separation methods. A progress report 
on the use of the oxides of zirconium, thorium, cerium, 
and the rare earths would be quite extensive; much in- 
formation, however, has been published on zirconia. 
Preston,™ for example, has published a review on zir- 
conia in glass. The application of cerium and the rare 
earths, however, has been less frequently discussed in 
the last two years although they certainly deserve the 
consideration of ceramists. 


ll. Zirconium Oxide 


(1) Elemental Zirconium 


Zirconium is by no means rare; in fact, zirconium 
silicate occurs in all quartz sands, but this occurrence 
is always in dilute form. 

The element, zirconium, was discovered by Klap- 
roth in 1789 and is known to occur in amorphous, crys- 
talline, and graphitic forms. It may be drawn and 
polished, it has a specific gravity of 6.9, and it melts at 
2330°C. Ductile zirconium leaves durable scratch 
marks on glass which have the appearance of silver.* 
This recent discovery could be used for decorating pur- 


poses. 


(2) Raw Materials 


The most important zirconium mineral is zircon or 
zirconium silicate, ZrSiO, (ZrO2SiOz, 67.2 % of ZrO» 
and 32.8% of SiO.). Commercial products* may con- 
tain 66% of ZrO, and 31% of SiO, with aluminum, ti- 
tanium, phosphorus, iron, and water. Its melting 
temperature is 2200° to 2550°C., depending on its 


purity.’ Itis found in Australia, India, Brazil, and the 
United States. Zircon is usually concentrated and 
separated from the minerals occurring with it as 
follows: (1) The quartz is removed on a Wilfley-type 
wet concentrating table; (2) ilmenite and garnet are 
removed by a low-intensity magnetic separator; (3) 
monazite is separated on a high-intensity, cross-belt 
Wetherill separator; and (4) rutile is separated from 
zircon by electrostatic means or by flotation. 

In the glass and enamel industries in which zirco- 
nium is employed in the presence of silica, zircon is a 
suitable source of zirconium oxide. Zircon resists the 
action of chemicals, especially acids (except hydro- 
fluoric acid). With alumina, it forms a ternary eutectic 
at 1600°C.,® its hardness is 7 to 8 mohs, and it has a 
specific gravity of 4 to 4.7 and a mean refractive index of 
1.95. Its coefficient of expansion,’® which is 4.5 X 
10~-*, is low in comparison to that of other crystalline 
materials (Cr,O3, 12 and mullite, 5.4). Its thermal con- 
ductivity of 0.004 to 0.007 gm. cal./cm.*/°C./sec. is also 
relatively low (fire clay 0.035 and Carbofrax, 0.036). 
When it is heated above 1600°C. and quenched, the 
zircon largely decomposes into zirconium dioxide and a 
glassy silicate phase.’ The low-density zircons show this 
high content of free zirconium oxide. On reheating to 
1450°C., ZrO, and SiO, recombine to form the silicate. 
In gemstones, the zircon with much free ZrO, is character- 
ized by green colors."*®) On reheating to 1450C°., the 
density and hardness increase !*:*), and the color changes 
to blue or yellow. The low-density zircons contain less 
crystalline matter because part of the free ZrO, and 
SiO, is amorphous. 

Zircon minerals were formerly classified in different 
groups according to their specific gravity. The differ- 
ent specific densities, however, do not correspond to dis- 
tinct varieties but represent different grades of decom- 
position. 

The approximate melting diagram of zircon has been 
determined by Washburn and Libman*'; its expansion 
curve, when heated above 1800°C., necessarily depends 
on the cooling process.** 

Baddeleyite (zirconium oxide, ZrO,) was discovered 
in 1892 by Hussak in Brazil and by Fletcher in Ceylon. 
The Favas deposit,” first extensively described by 
Weiss and Lehmann,® contains about 85% of ZrO». 
Zirconium oxide siso occurs in North America, Aus- 
tralia, and the Ural Mountains.** It melts at 2700° 
to 2900°C. Its purity is 80 to 94%, and it may be 
even as high as 98%; the impurities are chiefly SiOz, 
Fe,O3, and For high temperature use, 
such as in refractories, iron and titanium oxide are ob- 
jectionable and should be removed by acid treatment. 

Zirconia is also a by-product of monazite. Histori- 
cally,‘ the use of monazite for the preparation of cerium 
compounds in the gas-mantle industry first stimulated 
research on zirconia. Pure zirconia is prepared by 
electrofusion**“)-7° or by leaching the finely giound ore 
with stilfuric acid and roasting the sulfate. The inter- 
mediate formation of carbides has been important for 
the production of ZrO, opacifiers in the enamel indus- 
try and will be discussed together with other properties 
of the carbides. 
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(3) Properties of Zirconium Oxide 

The application of zirconium oxide in ceramics is 
justified because of the combination of its valuable 
properties, some of which are outstanding. Zirconium 
oxide has a high degree of hardness, 6-to 7 mohs*).7 
and excellent chemical resistivity. The coefficient of 
expansion of zirconium oxide™ has often been 
given as low as 8 X 107’. Weiss* measured this low 
coefficient in 1909, using a specimen which would now 
ye considered to be at least partly vitrified. Cohn'*® 
found much higher values, based on the measurements 
of several hundred specimens. The values which he 
obtained for the coefficient of expansion varied be- 
tween about 5 X 10~* and 10 K 10~*, depending on the 
thermal history. The inversion of zirconia to modifica- 
tions of a smaller specific volume is responsible for the 
irregularity of the expansion-temperature curve. The 
expansion behavior, including the changes in volume 
due to inversion, rather than the coefficient of expansion 
of individual modifications, must be considered if 
material of this type is characterized for practical use. 

Low expansion, high chemical resistivity, and hard- 
ness are indicative of the properties which make glassy 
silica the most important ceramic raw material. Zir- 
conium oxide differs from silica glass by its extremely 
high melting point of 2900°C.,*" which is considerably 
decreased by impurities but which is well above 2000°C. 
in all available materials.‘ The combination of these 
properties forms the foundation for its use as a refrac- 
tory. Even when it replaces silica, zirconium oxide in- 
creases the chemical inactivity of glass, and zirconium- 
containing glasses have remarkable elas.ic properties. 
Zirconium oxide is neither a pronounced base nor a 
pronounced acid, and, therefore, it is not readily at- 
tacked by acids or by bases. It is inactive with respect 
to magnesium and bcryllium oxides above 2000°C.® 
The inert character of zirconium oxide is important in 
its use as an opacifier in enamels. This application is 
based on its insolubility in many silicate glasses and, 
frequently, on the separation of the free zirconium oxide 
from the silicate by means of alkali. Zirconium opeci- 
fiers, consequently do not react with colored pigments, 
and this property makes them suitable for opaque 
colored glazes. 

Zirconium oxide is attacked by fluorides and carbon‘; 
it is attacked by carbon more strongly than is 
beryllia. Another characteristic property is its low 
heat conductivity. Zirconium oxide has a specific 
gravity” of 5.8 and a high refractive index**® of about 
2.3. The refractive index and other physical proper- 
ties, especially the specific gravity, have been found to 
depend on the thermal history. 

Several workers have determined three modifications 
of zirconium oxide*!’-**7* as follows: (1) a monoclinic 
low-temperature modification stable below about 
1000°C., (2) a tetragonal modification, and (3) a cubic 
modification. Goldschmidt** and Tin Yung Ting* 
found that the cubic structure appeared to be more 
stable when magnesium oxide was present. Ruff and 
Ebert*) were able to verify in the purest materials 


* Cited by Ruff and Ebert, reference 67(a). 
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only two modifications, a low-temperature monoclinic 
form, C, and a high-temperature tetragonal one, B. 
The inversion is reversible. The high-temperature 
tetragonal modification, B, may also be obtained at 
temperatures lower than 500°C. The metastable 
tetragonal form was investigated by Clark and Rey- 
nolds.* It changes to the stable monoclinic form 
above 600°C., and in the presence of silica, the meta- 
stable tetragonal form may prevail up to 1000°C. 
Cohn ') reported that zirconium oxide, prepared by 
prolonged heating above 2000°C., occurs in two tri- 
gonal modifications, namely, A; and Ay. The material 
used in his experiments contained some magnesia. 
Cohn™®) more recently prepared vitreous zirconium 
oxide. The crystalline material was fused in 30 seconds 
at above 3000°C. in a Straubel sun furnace. The glass 
is transparent, yellowish, hard, and highly acid resistive. 
This ZrO, glass is believed to be present in a ZrO, prod- 
uct of low refractive index prepared from the electri- 


cally fused oxycarbide. It probably was present in the 

material investigated by Weiss and Lehmann.™ 
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Fic. 2.—Exparsion tehavior of ZrO,; (according to 
Cohn) monoclinic with some cubic material, fired at 
1300°C.; O, heating started; A, modification change at 
1000°C.; 3B, cooling starts, contraction still continues; 
C, 950°C. re-formation of monoclinic lattice; D, new con- 
traction of 510°C. leading to shorter piece than original 
specimen. 


The changes into modifications of different specific 
gravities is a real limitation of the use of purest zirconia 
for refractories. The high melting point, low expansion 
coefficient, and high resistivity are useful in refractories, 
but crucibles and brick** prepared from such material 
are liable to disintegrate.“* The modification change 
also accounts for the irregular expansion behavior of 
zirconium oxide. Predominantly monoclinic material, 
prepared at 1300°C., ceases to expand around 1000°C.; 
after an interval of low expansion, it starts to contract 
because of the formation of the denser modification. 
When the material in this expansion test is cooled from 
1300°C., it continues to contract because of the sluggish 
type of the inversion. Around 950°C., further cooling 
causes expansion as the more voluminous monoclinic 
modification is again formed. Below 500°C., the in- 
version stops even though some tetragonal ZrO, is still 
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present. These tetragonal crystals are now metastable, 
and the mixture contracts with further decrease of tem- 
perature to a volume smaller than that of the original 
sample. Figure 2 illustrates this behavior and is only 
one example of the detailed description of various prepa- 
rations by Cohn.'* 


lil. System MgO-ZrO. 

Inasmuch as the zirconia inversion is inhibited by 
magnesia, the system MgO-ZrO, forms an important 
basis for the understanding of the behavior of high- 
temperature refractories (see Fig. 3). The phase re- 
lationship was established by Ebert and Cohn.” In 
order to stabilize the cubic ZrO, lattice,*™ an addi- 
tion of 4% of magnesia is sufficient. Even the mono- 
clinic zirconia changes to thecubic form when it is heated 
above 1700°C. with 4% of MgO. On cooling, the cubic 
form remains stable, which means that no volume 
change will occur with cooling, reheating, and repeated 
thermal changes. 

The action of MgO may be demonstrated by an ex- 
periment. The purest zirconia in a maguesia crucible 
heated above 1700°C. will change on cooling to the 
monoclinic form only in the crucible center if a suffi- 
cient amount of magnesia diffuses from the walls to in- 
hibit the inversion near the crucible sides. An addition 
- of 4% of MgO is sufficient to stabilize the cubic lattice, 
but as much as 40% may be built into this cubic lattice 
without affecting its structure; the approximate limit 
corresponds to the “compound” 2Mg0-3Zr0..% 
This composition is only the limit of the series, but it is 
not a real compound because a maximum in the liquidus 
curve could not be found.** Neither this composition 
nor the other previously suggested compound, MgO-- 
ZrO2,™ could be confirmed. Ceramic bodies containing 
ZrO, and MgO are characterized by high flexural 
strength." Very dense bodies are obtained with 90% 
of zirconia where a eutectic occurs at 1600°C. in the 
system MgO-ZrO,."* Higher MgO contents lead to 
shrinkage of more than 20%. The system has re- 
cently been studied by Zhirnova** in Russia inconnection 
with practical applications. 


IV. System TiO:-ZrO, 


The system TiO,-ZrO, is important because ceramic 
bodies with unusual electrical properties may be ob- 
tained by the addition of titania. The characteristic 
properties of rutile (TiO,) are (a) a high mean value of 
the dielectric constant of about 80 at 3 X 10* cycles per 
second, (b) a decrease of the dielectric constant with in- 
creased temperature in rutile bodies (the dielectric con- 
stant usually increases with temperature), and (c) a low 
power loss at high frequencies. 

The system TiO,-ZrO, shows no compounds. It is 
of the simple eutectic type. The eutectic temperature 
is 1750°C. for a composition of 20% of ZrO.. When less 
than 20% of ZrO, is used, the increase of the melting 
temperature is slight; this allows the production of 
very dense bodies in this area so that bodies of high 
chemical resistivity can be obtained. The firing shrink- 
age decreases between 95% and 56% of TiO, but in- 
creases with a further increase of ZrO». Bodies with a 


higher content of ZrO, (75% or more) disintegrate be- 
cause of the inversion of the tetragonal to the mono- 
clinic modifications of zirconia. Because no compounds 
occur in the system TiO,;-ZrO,, the dielectric constant 
is almost proportional to the amount of titania. Zir- 
conia may be built into the rutile lattice in amounts of 
10 to 16% without structural change. This limit is im- 
portant for the preparation of dense materials. When- 
ever a body has been found to meet the requirements, 
X rays have revealed that zirconium oxide had been 
built into the TiO, lattice.” The specific weight of 
such bodies is higher than that calculated from the 
compositions; this fact confirms these findings. 

Bodies made with the composition of this mixed 
crystal area show lower dielectric losses at low fre- 
quencies than does pure rutile. The high losses at low 
frequencies in rutile are probably due to the reduction 
of TiO, to semiconducting lower oxides which, accord- 
ing to Meyer* still contain more oxygen than Ti,O; and 
which have the bluish color often observed. According 
to Albers-Schoenberg,* the ZrO, in the TiO, lattice is a 
protection against these oxygen losses and the forma- 
tion of other conducting C- or N-compounds."® The 
color of titanium-zirconia bodies, on the whole, is 
brighter than that of pure rutile bodies. 
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Fic. 3.—The system ZrO,-MgO (according to Ebert and 
Cohn). 


V. Ternary System MgO-ZrO.-TiO: 

The work of Rieke and Ungewiss® contains valuable 
and detailed information of specific ceramic proper- 
ties of various ternary compositions. 

Of the three components, TiO, is the strongest acid 
and MgO is the strongest base. Zirconia is neither a 
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strong acid nor a strong base; MgO, therefore, tends 
first to react with TiO, to form Mg;TiO, (2MgO-TiO,). 
Only an excess of magnesia over this ratio is believed to 
react with ZrO, to form MgZrO; (MgO-ZrO,), but even 
in the case of an excess of ZrO, over “Compounds” like 
MgZrOs, no free ZrO, may be detected in X-ray pic- 
tures. There is no doubt that ZrO, might be built into 
the lattice of Mg:TiO, just as it can be built into the 
TiO, lattice. A comparison of the ternary bodies to 
these containing only MgO and ZrO, or TiO; and ZrO, 
shows the improved impact strength of certain compo- 
sitions and the high flexural strength of compositions 
high in MgO content and containing some ZrQO,. 
Rieke and Ungewiss® attribute this latter improvement 
to the “compound” MgO-ZrO, and to free MgO.” The 
translucency is increased by Mg:TiO,. The lowest ex- 
pansion is caused by increased ZrO,;; the highest, by an 
increased content of MgO. The three component 
bodies possess higher dielectric losses than the binary 
bodies of the system ZrO,-TiO, because the structure 
is less homogeneous. The dielectric loss is usually in- 
creased if more phases appear. 


Vi. Other Systems Containing ZrO. 


Inasmuch as 4 molar % of magnesia prevents the in- 
version of zirconia, this result may be applied to the 
production of stable zirconia refractories. The question 
may arise as to whether MgO is unique in achieving 
this effect.) Only refractory oxides, however, can 
be considered. Beryllia, alumina, and zinc oxide are 
not capable of this effect because they are hexagonal. 
The elements forming refractory oxides which fit into 
the cubic lattice of stabilized zirconia are listed, given 
in the order of the radius of their ions as follows: 


Mg 0.78 Y 1.06 
Sc 0.83 Th 1.1 
Zr 0.93 La 1.22 
Ce 1.02 Sr 1.27 
Ca 1.06 Ba 1.43 


The ionic radius of scandium is closest to that of mag- 
nesium. Scandium oxide actually does stabilize the 
cubic zirconia lattice just as well as magnesia. Some 
favorable influence in a dilated cubic lattice is exerted 
by CeO, CaO, and yttria. Crucibles with 3% of 
yttria have been found to be good,“ and lime binders 
are used to advantage.'* Refractories with 25 to 50 % 
of ZrO, and 40 to 50% of CaC, -vith and without chro- 
mite, were pressed by Pole.*’ The oxides of elements 
with larger ionic radii faii to stabilize the cubic lattice of 
zirconia. Iron oxide would meet the crystallographic 
requirements (ionic radius about 0.83), but as it lowers 
the melting point too much, it cannot be used for zir- 
conia refractories. 

The systems of ZrO, with silica and Na,O are impor- 
tant in the production of enamels and glazes and will be 
briefly discussed with the zirconium opacifiers. Zir- 
conia occurs in tale bodies in which zirconia may be 
used to lower the expansion.”* 


Vil. Other Compounds 


Of the other compounds of zirconium, the carbides 
have found some use in abrasives and as an intermedi- 
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ate product for the preparation of the pure oxide. 
Zirconium carbide was first synthesized by Troost” in 
1893, who reduced zircon with sugar coal in an electric 
furnace. The method was improved by Renaux,*' who 
used calcium carbide in the satus nascendi and who 
followed the classical study on carbides of Moissan.” 
Wedekind* used the carbide for the preparation of the 
pure oxide, with the chloride as an intermediate prod- 
uct. In 1908, Lehmann* prepared the oxide by ignit- 
ing, in an oxidizing atmosphere, a carbide made in the 
presence of lime. One modern method of manufac- 
turing zirconium oxide opacifiers by Kinzie and Hake* 
is based on these chemical reactions. The carbides 
have the high melting points (about 3000°C.), which 
are characteristic of good abrasives. 

Zirconium carbides scratch quartz,‘ and they are used 
for cutting materials. A superrefractory zirconium 
carbide with a melting point of 3800°C. is mentioned 
by Charrin.™ 

Zirconia with silicon carhide compositionsft has been 
used in refractories, zinc muffles, and flameless surface 
combustion.‘ 

The boride of zirconium has a hardness coefficient 
and high fusing temperature similar to the carbides and 
borides of some other elements which were studied by 
McKenna.” 


Vill. Whiteware and Refractories 


The foregoing discussion has indicated that zirconia is 
a valuable constituent of special porcelain for chemical 
and electrical purposes because of its chemical resis- 
tivity, its low thermal expansion, and its strengthening 
action,” especially in ZrO,-TiO, bodies of high dielectric 
constant and of low dielectric loss. Bodies have been 
made containing as much as 70% of zircon; the thermal- 
shock resistance of these bodies is exceptional because 
of the combined effect of elasticity, strength, and low 
expansion.’ Talc bodies of low expansion may be pro- 
duced”* by the addition of ZrO, to cordierite. Ifa given 
volume of flint is to be replaced by ZrO,, the high spe- 
cific weight of the latter must be considered. 

McMahon® has reported that when zircon is added 
to porous tale bodies the temperature range increases 
between shivering and crazing. It is a characteristic 
of tale bodies that firing the body a little too high 
causes crazing and firing the body a little too low causes 
shivering because high-fired bodies have a lower coeffi- 
cient of expansion than have low-fired bodies. In one 
case, the complete substitution of zircon for talc re- 
versed the expansion characteristics and a body was 
formed which had a higher expansion when it was fired 
at a higher temperature. A partial substitution leads 
to a beneficial compensation which is responsible for the 
increased firing range. 

The background for the use of zirconium oxide in re- 
fractories has been discussed. The high melting point, 


* Cited by Bayer, reference 7. 

t Brit. Pat. 4080 (1915); U. S. Pat. 1,150,624 (1915); Ger. 
Pat. 287,122 (1913); and to Knéfler, Ger. Pat. 284,395 
(1914). 
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the low expansion, the stability of the crystalline form 
in the presence of small amounts of certain oxides like 
magnesia, and the inertness to many chemicals and 
metals are the important properties which have stimu- 
lated research. 

J. A. Harker proposed the use of zirconium oxide as a 
refractory about 1900, and the National Physical Labo- 
ratory of the University of Sheffield, England, prepared 
some brick using organic binders. In 1904, Pyfahl ob- 
tained a patent on zirconia muffles and tubes.‘ In 
1906, the Heraeus Company in Germany produced zir- 
conium oxide crucibles for melting quartz,* and cru- 
cibles were made from zircon about 1910.5 The owners 
of the South American ores had just sent large collec- 
tions to Munich, where Weiss and his collaborators* 
started their extensive research work. In cooperation 
with C. W. Goebel and Sons, Grossalmerode, crucibles 
containing MgO and ZrO, with P,O; as a binder were 
developed in 1909. The Nernst Lamp Company 
produced crucibles which contained an alkaline 
flux. In an independent investigation, Bayer’ pre- 
pared the first zirconia crucibles with a binder of zir- 
conium hydroxide. A large-scale experiment was made 
at this time in the Remscheid Steel Works in Germany.‘ 
The management of this plant decided to take the 
chance of using zirconium oxide in a Siemens-Martin 
furnace and reported that in spite of the price consider- 
able savings could be made. Ruff and Lauschke™®”) at 
that time pressed moistened powders into crucibles; 
they had already discovered that small additions of 
other oxides prevented disintegration. Podszus** 
heated zirconium oxide to 2400°C. and prepared from 
almost colloidally dispersed material very stable zir- 
conium oxide ware without any binder. From this 
period on, work with zirconium oxide refractories never 
ceased. In England in 1916, Audley‘ drew the atten- 
tion of the ceramists to the possibilities of zirconium 
oxide. European interests in 1915, foreseeing the im- 
portance of Zr ores, tried to monopolize the South 
American production.“ 

Important work on zirconium-containing refractories 
has been carried on in various laboratories in the 
United States. Between 1916 and 1920, original re- 
search was carried out in the research laboratories of 
the Foote Mineral Company by Meyer® and other 
workers.* Granger,” in addition to new contribu- 
tions, made the American ceramist familiar with all of 
the previous work. At the end of the first World War, 
zirconium oxide refractories appeared as a commercial 
article (Zirkite, Zirconalba). After five years of con- 
centrated research on zircon and zirconium oxide, Com- 
stock"* published his findings in the various fields of re- 
fractories in 1933. Zircon brick, lightweight brick, 
steel-ladle nozzles, open-hearth refractories, magnesite- 
zircon brick, combinations with carbides, fused alumina, 
fire-clay, and zirconium oxide crucibles were studied. 
Examples of other recent contributions in this field are 
the studies of Swanger and Caldwell," Heindl,** 
Thompson and Mallet,” Roller, Rittenberg, and Ga- 
briel,** as well as those of Partridge and Lait®™ in Eng- 
land. The most typical application of zirco.dum-con- 
taining refractories is in the melting of noble metals, 
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such as platinum, rhodium, and iridium, When elec- 
trically sintered zirconia was commercially available, 
Jordan, Peterson, and Phelps” found that the material 
could be recommended for this purpose and that mag- 
nesia was still preferred for melting iron and nickel. 
The detailed description of the methods in making 
these zirconia-containing materials and their use is 
available in the papers covering the work of these in- 
vestigators. 

Magnesite is still generally preferable as a refractory 
in contact with basic slags in the open-hearth process. 
This does not mean, however, that the consideration of 
zirconium does not enter the discussion of the problem 
of an ideal refractory for this purpose. Zircon, the 
silicate of zirconium, at the present time seems to be 
the only source that approaches the price requirements, 
but it is not resistive enough toward basic slags. 
Magnesia-zircon brick, as suggested by Kraner,’® are 
slightly inferior to magnesite brick with regard to slag 
attack, but they are superior in high-temperature 
strength and spalling resistance."*® The continued 
shrinkage on heating the fired brick is much lower with 
a composition of about 65% of MgO and 35% of ZrO2 
than with either of the pure oxides.” Zirconium oxide 
is not attacked by iron silicate and basic slags so much 
as is zircon.** Free silica, however, in zirconium oxide 
combines more easily with the bases of the slag than the 
silicate,” and a pure zirconium oxide is still excluded 
because of its high cost. 

Because with the use of a highly refractory material 
such as zirconium oxide there still exists the problem 
of obtaining density, the use of binders is discussed in 
section IX. The use of zircon for steel-ladle nozzles 
has been found promising.’® The limitations which are 
based on the attack of basic slags do not prevail in the 
case of glass, which is more acidic. The introduction 
of ZrO; to glasshouse refractories is promising from the 
chemical viewpoint, and the difficulties involved are 
merely economical and technological. 

Zircon with alumina was found to be somewhat su- 
perior to magnesite in contact with copper but not 
enough to justify the higher expense at the time of the 
investigation." The glazing of zirconia refractory 
ware with a zirconium glaze was tried by Arnold’ in 
1918 without success. 


IX. Binders and Cements 

Zirconium refractories have been pressed and tamped 
without any binding material. In many cases, binding 
materials were used which are common in the technique 
of plastic mixtures, such as clay, phosphates, chlorides, 
lime, sodium silicate, and caustic soda.'*.) It is 
often desirable to avoid inorganic binders which act as 
fluxes and to use organic binders such as goulac or dex- 
trin.”© 

The essential feature in making superrefractories out 
of rare oxides seems to be that the oxide, for example, 
ThO, or ZrOz, is shaped without the help of plasticizing 
materials such as clay. Only in this case can full ad- 
vantage be taken of the high melting point. In order to 
plasticize ThO, or ZrO2, two methods may be used, 
namelv, (1) the addition of a salt such as ZrCl,, which 


Vol. 25, No 5 


readily hydrolyzes and therefore covers each graia with 
a film of adhesive hydroxide,““."*) and (2) the treat- 
ment of the highly fired oxide with acids ond bases al- 
ternately so that a layer of hydroxide is formed around 
each grain. These two methods permit the use of ox- 
ides which have been fired at high temperatures so that 
no excessive firing cracks occur. The grain-size dis- 
tribution is particularly important.“ An optimum 
proportion may be obtained only if the distribution of 
the grain sizes allows the densest packing. Bxperi- 
ments with hydrated zirconium oxide binders were 
started as early as 1909.* 

High-refractory cements containing ZrO, have been 
prepared with sodium silicate and zircon, and cements 
for high temperatures have been made up with NaCl, 
goulac, and dextrin.) Many formulas are based on 
a mixture of zircon sand with finely ground zircon or 
alumina in the ratio 2 to 1 with various binders used. 


X. Glass 


The introduction of zirconium oxide in glasses seems 
to have been limited chiefly by price considerations al- 
though the decreasing cost of zirconium-containing mate- 
rials has partly removed this obstacle. It is not known 
to what extent these changing conditions have encour- 
aged the glassmaker to take advantage of the valuable 
properties of this glass constituent in the past few years. 
Several years ago, the use of ZrO, in the glass industry 
wes comparatively small. Nothing has been reported 
concerning the use of ZrO, in glass since these condi- 
tions were discussed by Preston™ in 1938. In some ex- 
perimental glasses, CaO was replaced by ZrO; as early 
as 1909.*° Systematic work on zirconia in glasses has 
been conducted in England™® and in the United 
States.* The essential influence of zirconia on glasses 
is the improvement of chemical resistivity and elas- 
ticity. The modulus of elasticity is lowered by 60%; 
the modulus of rigidity is also noticeably lowered® if 
4% of ZrO, is substituted for lime. The combination 
of favorable elastic properties with a fairly low coeffi- 
cient of expansion makes these glasses extremely re- 
sistant to thermal shock. Of particular interest is the 
use of 1% of ZrO, in a pure silica glass according to the 
Wolf-Burkhardt invention. This glass, Siloxide Z, 
was prepared about 1910 and described by Thomas.” 

Because zirconia has been used in enamels more fre- 
quently than in glass, it is usually considered to be an 
opacifier which is insoluble in the melt. At the tem- 
perature and long melting times used in the glass indus- 
try, however, up to 20% of ZrO, may easily be dis- 
solved. The improvement of chemical resistivity and 
elasticity is accompanied by a rise in melting tempera- 
ture, viscosity, and annealing temperature. The tem- 
perature coefficient of viscosity decreases and the glass 
becomes “‘shorter.”’ 

Some of the improvements in the chemical resistivity 
of soda-lime-silica glasses by ZrO:, which were demon- 
strated by the work of Turner and his collaborators, *° 
could not be obtained with other constituents. These 
investigators found (1) that zirconium oxide is the only 
glass constituent which, by replacing alkali, increases 
the resistivity toward water, acid (HCl), NaOH, and 
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Na,;CO;; (2) zirconium oxide, used to replace alkali, 
increases the resistivity toward these agents more than 
any of the other oxides investigated, namely, Al,Os, 
TiO:, ZnO, MgO, PbO, CaO, and BaO; (3) the resist- 
ance of ZrO;-containing glasses toward boiling alkali is 
outstanding (Al,O; in this case is not so efficient); when 
more basic oxides are introduced, glasses generally are 
attacked more readily by NaOH than by Na,CO,;; the 
effect of ZrO, is intermediate in this respect; and (4) 
increased resistivity toward H,O, HCl, and NaOH is 
observed even if silica is partly replaced by zirconium 
oxide. Glasses of this type are being used in gauge 
tubes for boilers.* 

Long” replaced with ZrO, a part of the silica in high 
lead oxide glasses, which are used for protection against 
short-wave rays, to improve the working properties. 


Xl. Enamels and Glazes 


The use of zirconium compounds in enamels and 
glazes has the widest application in the ceramic field 
and is increasing steadily. If the zirconium compound 
is dissolved in the vitreous component of the enamel or 
glaze, it improves the resistivity toward chemical at- 
tack and the elastic properties in the same way as it 
does in glasses. Zircon has a beneficial influence on the 
resistance to crazing in semivitreous dinnerware glazes,** 
and it increases the resistance to abrasion as deter- 
mined by the gloss retained after a test procedure pro- 
posed by the Porcelain Enamel Institute.’ 

The chief application of zirconium compounds to 
enamels and glazes, however, is as an opacifying agent. 
The difference of refractive indices between the opaci- 
fier and the enamel is one determining factor for opac- 
ity. It does not ma: ‘er whether the refractive index 
of the opacifier is high or low in comparison to that of 
the enamel, which is about 1.5. Tin oxide, with a re- 
fractive index of 2.0, was generally used in the 19th 
century. In the search for new opacifiers at the be- 
ginning of this century, attention was focused on mate- 
rials with a refractive index higher than 2.0; that of 
zirconium oxide is 2.4. From this relation and from 
the specific gravities of both oxides (ZrO, 5.8 and SnO, 
6.95), the effect of one weight unit of zirconium oxide 
may be calculated as 2.8 times higher than that of tin 
oxide.“* This is demonstrated in organic liquids whose 
refractive index is that of enamels. This relation, how- 
ever, holds only for moderate concentrations of the 
opacifier. 

Materials containing zirconium became more gen- 
erally available when this element was used in the gas- 
mantle industry near the beginning of this century. 
The use of pure zirconium oxide was tried unsuccess- 
fully by the Guestrow Company in 1906.***7 

At about this time, Kreidl fused the zircon ore with 
alkali and removed a part of the alkali necessary for the 
decomposition of the silicate by leaching with water or 
weak acids. An opacifier was obtained, called ‘‘Ter- 
rar,” which found general use in Europe until 1930. 
The gas opacifiers from that time gradually replaced 
a part of the metal oxide opacifiers i in Europe. This 
first application of zirconium compounds as enamel 
opacifiers was based on the fundamental discovery that 
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the control of the alkali used in the preparation from the 
silicate is decisive. The alkali remaining in the opaci- 
fier and the thermal history of the opacifier was found 
to be more important than its purity. The disintegra- 
tion of the zirconium silicate took place at temperatures 
below 600°C.) Only a part of the alkali, however, 
was removed; the remaining alkali concentration was 
approximately 10%.) Other factors controlling 
opacification were (a) the presence of salts of weak 
acids, such as those salts formed by the reaction of the 
leaching acids and sometimes deliberately left be- 
hind,“ (5) the relation of water of hydration to 
alkali concentration,“ and (c) the control of grain 
size.) Zirconium silicate treated according to these 
processes was calcined to form the opacifier. Similar 

ucts were obtained from zirconium oxide and 
silica, 

The manufacture of zirconium opacifiers in the 
United States increased considerably around 1915. 
Many suggestions were advanced by Kinzie and his 
collaborators, especially in the field of opacifiers made 
from the silicate, which was heated with carbonaceous 
material to form oxycarbides and which was calcined 
with oxygen to form the pure oxide.“ The earlier 
work on the formation of zirconium carbides and the 
preparation of pure zirconium oxide from the carbide is 
given in the discussion of the carbides in section VII. 
Various opacifiers were derived from the electrofused 
type,** and these could be improved by heating with 
about 10% of alkali at elevated temperatures.“ 
This action verifies the fundamental influence of alkali 
on the stability of the opacifying phase which was the 
basis of the Terrar process. Other zirconium com- 
pounds, such as the double silicates of different bases, 
were also investigated. 

The reduction of zirconium silicate by carbonaceous 
material takes place at temperatures above 2000°C. 
The larger part of the silica volatilizes, but a small part 
remains as silicon carbide and should be removed by 
reduction. A cyanonitride is formed when the Barton‘ 
process is used, and oxycarbides are formed in a later 
process of Kinzie and Hake.‘ The final oxidized 
product has a low refractive index, which is believed 
to be due to the presence of a vitreous phase of ZrO, 
containing small ZrO, crystals. In the opacifier, crys- 
talline material and any material which recrystallizes is 
efficient. The presence of a ZrO: glass in one of the 
electrofused ZrO, opacifiers probably influences the solu- 
bility of the opacifier in the enamel. 

At the present time, the use of zirconium opacifiers 
may be considered to be established in ceramics. In the 
process for their preparation, they may be divided into 
three types,® namely, (1) those prepared from zircon 
ore which is heated with alkali according to Kreidl® 
(Terrar), (2) those obtained from electrofusing zircon 
with carbon and oxidizing the intermediate products,®* 
and (3) those precipitated from salt solutions by alkali. 

A distinction is made between mill and frit opacifiers 
according to their use. As mill opacifiers, they are 
obviously applicable to glass enamels even if they are 
somewhat soluble, owing to the short reaction time. 
The development of zirconium opacifiers, therefore, 


was limited at first to their use as mill additions; the 
frit opacification was studied later and was used in 
enamels in Europe shortly after 1915. 

With respect to the history of the solid phase, (a) 
zirconium oxide may be insoluble in the enamel frit or 
(6) it may reprecipitate from its solution."“” A 
part will always be soluble and contribute to the prop- 
erties of the glassy phase. 

The zirconium opacifiers are distinguished by their 
chemical stability as compared with other opacifiers of 
high refractive index. This stability permits their ap- 
plication in combination with colors which would react 
with other opacifiers.*! 


System SiO:-Na:O-ZrO: 

The equilibrium conditions in the ternary diagram 
were determined by d’Ans and Léffler,? 
whose findings show that the development of an opaci- 
fier containing these three components is necessarily 
complicated. The binary compound, ZrO,SiO, (Zr- 
SiO,), may be obtained at different specific gravities, 
but this behavior as previously stated, is no longer at- 
tributed to the existence of modifications. Three 
ternary compounds, Na,O-ZrO;-SiOs, 2Na,0-2ZrQ,-- 
3SiO2, and Na;O-ZrO3-2SiO2, were estabiished. Some 
properties of the first two are shown in Table I. 


TaBLe I 
PROPERTIES OF Two TERNARY COMPOUNDS 
Composition 
NasO-ZrOrSiO: 

Formula Na2ZrSiO; Na,Zr2SisOi2 
Melting point 

(°C.) 1477 (incongruent) 1540 (congruent) 
Specific gravity 3.6 2.88 
Appearance Plates Rhombohedra 
Optical character Biaxial Uniaxial 


Because of the incongruent melting point of Na,Zr- 
SiOs, mixtures of a composition of Na,O-ZrO,-SiO, will 
yield different products when they are subjected to 
different heat-treatments. The extreme cases are (a) 
a homogeneous crystalline phase of the zirconium silicate 
of sodium and (b) free ZrO, in a glassy matrix. 

The possibility of obtaining free ZrO, and glass 
under certain conditions explains the success of the 
alkali treatment of zircon in the manutacture of opaci- 
fiers. This reaction may be explained by the fact that 
Na,O is the strongest base of the three oxides and 
SiO, is the strongest acid. These two oxides will react 
before their reaction with the amphoteric ZrO, after 
NaeZrSiO; decomposes into Na,O + ZrO, + SiO; at 
high temperatures. A similar effect may also be ob- 
tained by boric fluxes in the presence of which the 
zirconium silicates decompose.** 


XIll. Stability and Solubility of Zirconium Oxide 
in Enamel Frits and Glazes 

The opacification of the enamel frit depends not only 

on the relatively high refractive index of the opacifier 

but also on the stability and solubility of the opacifying 

phase. In the case of a zirconium opacifier, it is the 
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zirconium oxide which has to be stable, perhaps chiefly 
in the tetragonal form.** A comparison of the refrac- 
tive indices of some possible zirconium compounds illus- 
trates this fact, if it is remembered that the refractive 
index of the frit is about 1.5. 


ZrO, 2.4 
1.95 
1.72 
1.65 
1.9 
1.69 


Only the lead zirconium silicate has a higher refrac- 
tive index, but it is yellowish and stable only in lead 
glasses, which also have a high refractive index. - The 
net difference, therefore, in refractive index between 
the glass and the opacifier would be small and, conse- 
quently, the opacity would be slight. 

In glazes with a higher firing temperature, zirconium 
silicate might be more efficient than zirconium oxide in 
spite of the lower refractive index, according to Schulz. 
He states that the lower solubility and the smaller gas 
content are important factors at a high firing range and 
that these factors compensate for the smaller opacifying 
power. 

The stability of the zirconium oxide, however, may 
generally be assumed to be an essential condition of 
high opacification, that is, the ZrO, phase rather than 
any zirconates or zirconium silicates should be present 
in the undissolved or recrystallized phases. Alumina 
has been found to be necessary not only to lower the 
solubility of ZrO, in the glass but also to stabilize the 
ZrO, by preventing it from entering compounds. For 
several ternary fields of glasses, the limits within which 
ZrO; is stable as the undissolved or recrystallized phase 
have been determined by Léffler* as follows: 


ZnO-Al,Oy-2Si0, 
BaO- Al,O,;-2-6SiO; PbO-Al,0;-2Si0, 
CaO-Al,O;-2—4Si0, 


Because aluminum oxide is necessary, this oxide was 
kept throughout the study, and the limits of silica varia- 
tions with different basic oxides are listed within which 
ZrO: is stable. Some alumina, however, may be omitted 
in the systems having a large range of SiO, variations, 
such as BaO-Al,O;-2-6SiO,. If silica were to be in- 
creased over the limit, ZrO, would combine in com- 
pounds of lower refractive index, for example, ZrSiO,. 
It is dang<rous to decrease the alumina if the basic oxide 
present tends to form double silicates with zirconium 
as in the case of K,O. With zinc oxide, however, no 
zinc zirconium silicate is formed, and some of the 
alumina, therefore, may be omitted. These conditions 
partly explain the known fact that zinc and aluminum 
oxides are beneficial; the influence of these oxides on 
the solubility of ZrO, is also pertinent. 

Considering the practical applications in the enamel 
industry, it is significant that Léffler found an increase 
of the stability of ZrO, even in the presence of more 
silica whenever the opacifier had been introduced in 
combination with alkali. The effect of an opacifier 
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of compositions related to Na,O-ZrO;SiO, is the 
creation of a local alkaline zone around the ZrO, which 
acts as a protection against its reaction with the siliceous 
melt. 

Another protection has been successfully tried in 
glazes of the tile industry. Ground zirconium oxide- 
containing frits may be used, the composition of which 
had been established according to the preceding fields 
of stability. Many commercial frits may be repre- 
sented as combinations of these fields. 

The stability of zirconium oxide“ does not seem to be 
influenced by cryolite, B,O;, and P,Os, but ZrO, tends 
to stabilize fluorine in the secondary fluorine opacifica- 
tion.) 

The dependence of the solubility of ZrO, on the com- 
position of the base frit was observed when experiments 
with frit opacification were first carried out; no de- 
tailed reports, however, had been published in Europe. 
The principal rules governing the solubility of zircon- 
ium opacifiers in frits and glazes, according to the work 
of Kinzie and Commons,“ may be summarized as 
follows: 


Alkali: Up to 15%, no influence. 

Alumina: If less than 6%, considerable increase of 
solubility of ZrO,; about 10% usually necessary; over 
14%, excessive crystallization. 

_ Oxide: Decreases solubility next to Al,O;; usually 
5%. 
Barium Oxide: Usually 5%; size and amount of pre- 
cipitation increased; used chiefly as flux. 

Calcium Oxide: 5%; increased use as flux. 

Boron Oxide: Flux; increases solubility of ZrOx,. 


King and Andrews“) reported on a series of experi- 
ments which demonstrate the influence of various ox- 
ides on the solubility of ZrO, in a sodium borate glass. 
The solubility is again decreased by Al,O; and ZnO and 
also by MgO. If the Al,O; content was low, sodium 
oxide and even the alkaline earths, seemed to increase 
the solubility. Of the fluorides, only cryolite had a 
specific effect. These authors also studied the interest- 
ing correlation of viscosity and solubility cf (¢) undis- 
solved ZrO, and (b) reprecipitated ZrO, as the opacify- 
ing phase. 

About 2% of ZrO, is always soluble in a frit' and con- 
tributes to the resistivity, elasticity, and brilliance of 
the enamel. The omission of alumina and zinc oxide 
may increase the solubility to 17%. Zirconium opaci- 
fiers are used in Europe at the present time chiefly in 
the powder process because zinc oxide is not a common 
constituent of the wet enameling frits. 

In 1927, I. Kreidl and the Degea Company used 
glazes which contained zirconium, lead, and sodium 
chloride. At that time, experimental glazes in Ger- 
many contained 8 to 10% of ZrO; instead of 10 to 11% 
of SnO,.** 

The action of different zirconium silicates as opaci- 
fiers in white opaque American glazes is described by 
Commons") (see Table II). 

The zirconium oxide is not used ordinarily as a con- 
stituent of colored pigments because of the inertress 
which makes it so valuable as a white opacifier.™* 
Robertson mentions that a yellow pigment, which con- 
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II 
PROPERTIES OF DIFFERENT ZIRCONIUM (Commons'*®)) 


silicate Gloss Whiteness (color hue) 
Calcium + + 
Zinc + + 
Lead + 
Magnesium ++ (more than 
calcium) 


Barium 
Zirconium spinel + 


tains zirconium oxide and vanadium oxide, is stable at 
very high temperatures. 


XIV. Thorium Oxide 


The use of thorium oxide in ceramics is limited. It 
has been used successfully, however, for laboratory 
crucibles, especially for the preparation of the purest 
platinum and for high refractory tubing for scientific 
apparatus." The preparation of high-grade plati- 
num is important in making thermocouples. Neville™ 
and Richardson* probably used unfused thorium oxide 
for making crucibles in 1923. Thorium oxide crucibles 
have been used by other investigators for similar work, 
such as the determination of the properties of pure 
rhodium. 

Thorium occurs in monazite and thorite.™®) De- 
posits of monazite are found in the Carolinas, Texas, 
Brazil, India, Ceylon, the Ural Mountains, and Scan- 
dinavia. Thorium, which is not a rare element, com- 
poses 0.002% of the earth’s crust. It is not highly 
concentrated, however, and its separation from the 
rare earths is tedious. After electromagnetic purifica- 
tion, the monazite is treated with sulfuric acid, and the 
rare earth elements are precipitated with oxalic acid. 
Thoria is white when pure, but when it contains traces 
of iron and of the rare earths it is brown. 

Thorite is a hydrated silicate from which ThO, may 
be extracted with HCI and, after the removal of other 
metals with H,S, the residue may be changed into sul- 
fates and recrystallized as the double sulfate of potas- 
sium and thorium. 

Thorium oxide is characterized by a high melting tem- 
perature, at least 2500°C.,*®) by its basic nature, by 
some plasticity, and by its resistivity to acids when it 
is well calcined. Refractories made from fused thor- 
ium oxide are resistant to basic slags but not to silica. 
They resist temperatures close to 3000°C., and they 
are very heavy (specific gravity, 9.5 to 10); their ther- 
mal coefficient is low®™ as is their expansion. Thorium 
oxide refractories, which are reduced by carbon at high 
temperature to about the same degree as those made 
from zirconium oxide, are inferior in this respect to re- 


Opacity Crystallization 
+ Soft 
Little less Some, due to softness 
+ (as calcium) If used alone, crystallization of 
other components takes place 
+ (in small amounts) Devitrifies 


+ (more than Zircopax) 


fractories made from beryllium oxide.* Thorium oxide 
is radioactive and, therefore, some conduction may be 
expected. 

In the preparation of crucibles for Pt, c.p. thorium 
nitrate is reprecipitated as the pure oxalate and ig- 
nited at 1000°C. The crucibles are tamped into fused 
alumina crucibles either as dry powders or with petro- 
leum ether; water, however, is never used. 

Neville™ had difficulty with cracking of ThO; cru- 
cibles. This is avoided by the use of fused ThO:, which 
is a pinkish glass and was introduced in 1925 by Fair- 
child and Peters.** Swanger and Caldwell’) used 
this material successfully to melt potassium and iridium 
in crucibles tamped with a ThCl, binder into graphite 
molds. The use of such a binder is analogous to the 
zirconium salt binders described for zirconia." 
The mixture is heated in the mold at 1100° to 1200°C. 
The firing to higher temperatures takes place after the 
removal of the mold because ThO, reacts with carbon 
just as zirconia does. Thorium oxide with a ThCl 
binder has also been used for pressed crucibles. Tubes, 
which were made from slips containing more ThCh, 
were not preheated. Crucibles made from thorium 
oxide were also investigated in other laboratories. * 
They are especially suitable for work in a vacuum be- 
cause the vapor pressure of ThO, is very low. Lense, 
impervious bodies for spark-plug insulators were made 
of sintered mixtures of Al,O; and 6 to 50% of ThO».“ 

In glasses, the rare earths and thorium in combina- 
tion with boron provide relatively low dispersion and 
high refractive index. The “normal” optical glasses 
show rising dispersion with increased refractive index 
when the composition is changed from crown to flint 
glass. These new glasses were discovered by Morey™ 
and were modified by Eberlin.”* A glass composition 
with high ThO, content is as follows: LaO 26.7, TaO 
26.7, 26.7, and 19.9%. 

When conductors are sealed through silica glass, a 
glass as viscous as silica glass but of intermediate ex- 
pansion is needed. For this purpose, glasses of high 
silica content (7!) to 95%), containing more than 3% of 
ThO:, of BeO, or of CeO, and combined with lime and 
zirconia, *®) were suggested in England.***) 


Bibliography 


1A. I. Andrews and R. W. Gates, “Solubility of ZrO, 
Opacifier in Enamel Glasses,”” Jour. Amer. Ceram. Soc., 23 
[10] 288-90 (1940). 


* H. K. Richardson, Westinghouse Lamp Co., Bloom- 
field, N. J. 


_*J. d’Ans and J. Léffler, “Studies on System Na;O- 
SiO,-ZrO,,” Z. anorg. allgem. Chem., 191 [1] 1-35 (1930); 
Ceram. Abs., 9 [11] (1930); see also J. Léffier, refer- 
ence 45. 

* H. Arnold, “Production of Highly Refractory Ware,” 
Chem. Zig., 42, 413-14, 426-28, 439-40 (1918); Jour. Soc. 
Chem. Ind., 37, 734A (1918). 


Vol. 25, No. 5 


( 
D 


= 
); 


‘J. A. Audley, “‘Use of ZrO, as Refractory Material,” 
Trons. Ceram. Soc. {England}, 121-33 
5 L. E. Barton, “Composition of Matter and 
Producing,” U. S. Pat. 1,342,084, June 1, 1920. 
* A. Bauer, “Zircons of Low ty,” Neues Jahrb. 
Mineral. Geol., A75 [2] 159-204 (1939); Ceram. Abs., 19 


(3] 
“Preparation of Containers from Zirconium 
Oxide, ” yap angew. Chem., 23, 485-88 (1910). 

*G. C. Betz, “Zircon as Ceramic Material,” Foote- 
Prints, 9 (2] 15-24 (1936); Ceram. Abs., 16 [3] 99 (1937). 

* J.Boehm, “‘Recalescence of Some Metal Oxides,” Z. 
anor 149, 217-22 (1926). 

W. dissem, C. Schusterius, and A. Ungewiss, “X- 
Ray Investigations ‘of Binary Systems TiO,-MgO, ZrO,- 
MgO, ZrO,-TiO:,”" Ber. deut. keram. Ges., 18 [10] 433~43 
(1937); Ceram. Abs., 17 [11] 366 (1938). 

VY, Charrin, “Syn thetic Superrefractories,” Céram 
rome Email., 6 (6) 1 189 (1938); Ceram. Abs., 18 [2] 53 
1 
12 (2) K. Chudoba, “Hardness of Zircon,” Deut. Gold- 
schmiede-Zig., 41 (1) 10-11 (1938). 

(b) K. Chudoba, ‘ ‘Green Color of Zircon,” ibid., 40 [43] 
410-11 (1937) ; abstracted in Chem. Zentr., 1938, I, 45 (1938) ; 
Ceram. Abs., i7 [6] 233 (1938). 

(c) K. Chudoba and M. von Stackelberg, ‘“‘Density and 
Structure of Zircon, II,” Z. Krist., 97 rig 252-61 (1937) ; 
Ceram. Abs., 17 [8] 288 (1938); M. von Stackel and K. 
Chudoba, “Density and Structure of Zircon, I,” Z. Krist., 
95 [3-4] 230-46 (1936); Ceram. Abs., 16 [8] 256 (1937). 

13 G. L. Clark and D. H. Reynolds, “Chemistry of ZrO, 
X-Ray Diffraction Studies,”’ Ind. Eng. Chem., 29 [6] 711-15 
(1937); Ceram. Abs., 16 |8] 259 (1937). 

14 (a) W. M. Cohn, “Expansion Behavior of Differently 
Prepared Zirconium Dioxides in the Temperature Area 0° 
to 1400°C.,” Verdffentl. Kaiser Wilhelm-Inst. Silicatforsch. 
Berlin-Dahlem, 4, 99-134 (1931); Keram. Rundschau, 38 
[48] 721-25; [50] 753-56; [51] 777-78; [52] 783-86 


(1930). 

(6) W. M. Cohn, “Crystal Modification of Zirconia, Clear 
Fused Zirconia Produced in Sun Furnace,” Trans. Electro- 
chem. Soc., 68, 65-71 (1935). 

18 (a) C. H. Commons, Jr., “Recent Developments in 
Zirconium Glazes and Effect of Various Materials on Re- 
sults,”” Bull. Amer. Ceram. Soc., 17 [11] 433-34 (1938). 

(6) C. H. Commons, Jr., “Effect of Zircopax (Zirconium 
Silicate) on Abrasion Resistance and Various Properties of 
oa Glazes,”’ Jour. Amer. Ceram. Soc., 24 [5] 145-47 

1941). 

16 G. F. Comstock, ““Experiments with Zircon and Zir- 
conia Refractories,” ibid., 16 [1] 12-35 (1933); H. M. 
Kraner cited p. 27. 

17 W. P. Davey, “Structure of Zirconia,” Phys. Rev., 27, 
798 (1926). 

18 Deneuville, ““Opacification of Enamels by Zirconium 
Oxides,” Céram. Verrerie, Email., 7 [4] 118 (1939); Ceram. 
Abs., 18 [10] 265 (1939). 

wy, Dimbleby, S. English, E. M. Firth, F. W. Hodkin, 
and W. E. S. Turner, “Transparent Zirconia-Containing 
Glasses,” Jour. Soc. Glass Tech., 11, 52-64 (1927); Ceram. 
Abs., 6 [9] 376 (1927). 

Dimbleby and W. E. S. Turner, “Relationship Be- 
tween Chemical Composition and Resistance of Glasses to 
Action of Chemical Reagents, I,” Jour. Soc. Glass Tech., 10 
[39] 304-58 (1926); Ceram. Abs., 6 [3] 98 (1927). 

21 C. A. Dutton and B. F. Wagner, “Zirconium Oxide in 
Glasses and Enamels, II,”’ ome Ind., 24 [2] 88 (1935); 
Ceram. Abs., 14 [4] 88 (1935). 

2L.W. Eberlin, “Optical Glass,” U. S. Pat. 2,206,081, 
July 2, 1940; Ceram. Abs., 19 [9] 213 (1940). 

*F. Ebert and E. Cohn, “Phase Diagram of MgO- 
ZrO:,” Z. anorg. allgem. Chem., 213 [4] 321-32 (1933); 
Ceram. Abs., 13, [7] 181 (1934). 

* (a) A. Esme, “Zirconium Compounds and Their Ap- 
plication in the Refractory and Ceramic Industry,” Argile, 
No. 178 [Feb.], pp. 11-15; No. 179, pp. 21-23; No. 181 
ay pp. 18-23 (1938); Ceram. Abs., 17 [10] 341 (1938). 

(6) A. Esme, “Thorium Oxide, High-Quality Refrac- 


(1942) 


Zirconium and Thorium Oxides in Ceramics 139 


aa) Argile, 193, 11-13 (1939); Ceram. Abs., 18 [8] 214 
’ O. Fairchild and M. F. Peters, U. S. Pat. 1,545,951, 


% Foote t, “Re- 
(3) 2-8 (1920). 


* H. George and R. Lambert, “Dissociation of Zircon,” 
om rend. acad. sci. U.R.S.S., 204 [9] 688-89 (1937). 
W. Gillett, ‘Features of Ductile Zirconium and Ti- 
tanium,”’ Foote-Prints, 13 [1] 1-11 (1940); Ceram. Abs., 19 
{9} (1940). 
V. Goldschmidt, ‘Geochemical Distribution Laws of 
the Elements: VIII, Research on Structure and Pr 
ties of Ns Skrifter Norske Videnskaps-Akad. i. slo, 
I, Mat. Natur. " Klasse, 1926, No. 8, pp. 7-156 (i927): 
Ceram. Abs., 6 [7] 308 (1927). 
, “Zirconia,” Min. Foote-Notes, 3 [4] 5- 
18 (1919). 


* Guestrow Co., (Chem. oy “Process of 


189,364, Nov. 21, 1906. 

C. Harbert, “Less Familiar Elements in Ceramic 
Pigments,” Ind. Eng. Chem., 30 [7] 770-72 (1938); Ceram. 
Abs., 18 [9] 235 (1939). 

eR A. Heindl, ‘Thermal Expansion of Refractories to 
1800°C.,” Bur. Stand. Jour. Research, 10 [6] 715-35 
(1933); RP. 562; Ceram. Abs., 12 [9] 330 (1933). 

“7. W. Hepplewhite, “Effect ‘of ZrO, and TiO, on Resist- 
ance to Crazing of Typical Glaze for Semivitreous Dinner- 
ware,” Jour. Amer. Ceram. Soc., 20 [2] 60-61 (1937). 

%* W. C. Heraeus Co., “Process for Melting Silica Glass 
from Rock Crystal, ete. ” Ger. Pat. 179,570, Feb. 23, 1906. 

* W. Herrmann, “Zircon Blocks for Metallurgical Fur- 
ta ake (sen est, 7 {10} 146-47 (1931); Ceram. Abs., 11 

114 (1932 

7 Hillringhaus and Heilmann, discussion on “ZrO, as an 
Enamel Opacifier,”” Z. anorg. Chem., 66, 436 (1910); reply 
“ZrO, as an Enamel Opacifier,” ibid., 66, 456 

1910). 

* William Horak and D. E. Sharp, “Influence of ZrO, on 
Elasticity of Soda-Lime Glasses,” Jour. Amer. Ceram. Soc., 
18 [9] 282-84 (1935). 

* L. Jordan, A. A. Peterson, and L. H. Phelps, “‘Refrac- 
tories for Melting Pure Metals, Fe, Ni, Pt,”” Trans. Amer. 
Electrochem. Soc., 50, 115-24 (1926); Ceram. Abs., 6 [1] 25; 
[2] 67 (1927). 

“H. J. Karmaus, “Latest Technical Developments in 
Enamel Industry,” Emailwaren Ind., 16 [13-14], 83-88; 
[15-16] 99-104 (1939); Ceram. Abs., i8 [4] 94; (9] 234-35 


(1939). 

4 (a) B. W. King, Jr., and A. I. Andrews, “Development 
of Opacity in ZrO, Enamels, ” Jour. Amer. Ceram. Soc., 24 
[11] 360-67 (1941). 

(6) B. W. King, Jr., and A. I. Andrews, “Solubility of 
ZrO, in Na,O-B,O, Glasses, ¥ ibid., 24 [11] 367-72 (1941). 

43 (a) C. J. Kinzie, “Coherent "Porous Zirconium Sili- 
cates,”” U. S. Pat. 2,101,947, December 14, 1937; Ceram. 
Abs., 17 [2] 87 (1938). 

b) C. J. Kinzie, “Double Silicates of Zirconium and 
Methods of Making, ” U. S. Pat. 2,127,844, August 23, 
1938; Ceram. Abs., 17 [11] 367 (1938). 

(c) C. J. Kinzie, “Opaque Vitreous Enamel,”’ U. S. Pat. 
2,102,720, December 21, 1937; Ceram. Abs., 17 [3] 98 


(d) ©. J. Kinzie, “Zirconium Oxide Vitreous Enamel 
Opacifier,”” U. S. Pat. 2,102,627, December 21, 1937; 
Ceram. Abs., 17 [3] 98 (1938). 

(e) C. J. Kinzie, “Zirconium Oxide Opacifier and Method 
of Making,” U. S. Pat. 2,100,337, November 30, 1937; 
Ceram. Abs., 17 [2] 59 (1938). 

(f) C. J. Kinzie, “Zirconium Oxide Compound and 
Method of wi} U. S. Pat. 1,588,476, June 15, 1926; 
very. Abs., 5 [8] 254 (1926). 

(g) C. J. Kinzie and C. H. Commons, “Effect of a * in 

Glasses, Glazes, and Enamels,” Jour. Amer. Ceram. Soc 
17 [10] 283-87 (1934). 


1925. 
by Use of 
ZrO, and Substances ing ZrO, as ifier,”’ Ger. Pat. 
t 
1 a) 
| 
a 
| 
of 
5 


140 


(hk) C. J. Kinzie and D. S. Hake, ‘‘Preparation of a Zir- 
conium Onyearbide and Siticon Carbide, ” U.S. Pat. 2,110,- 


() 1. Kreidi, “Process of Manufacturing Opaquing 
ert for White Enamel,” U. S. Pat. 1,123,760, January 

(d) I. Kreidl, ““‘White Enamel and the Like,” U. S. Pat. 
1,129,300, February 23, 1915. 

(e) I. Kreidl, ‘White Enamel,’ U. S. Pat. 1,117,197, 
November 17, 1914. 

(f) I. Kreidl, “Manufacture of White Enamel, Glass, and 
the Like,”’ U. S. Pat. 1,128,691, February 16, 1915. 

(g) I. Kreidl, ““Opaquing Agents for the Production of 
White Enamels,”’ U. S. Pat. 1,150,772, August 17, 1915. 

(hk) I. Kreidl, ‘‘Enameling Composition,”’ U. S. Pat. 
1,104,769, July 21, 1914. 

** Lehmann thesis, Munich, 1900; see also R. Bayer, 
reference 7. 

J. Léffler, “‘Use of Zirconium Compounds in Glazes,” 
Ber. deut. keram. Ges., 19, 228-35 (1938). 

* Bernard Long, see reference 72. 

“ T. G. McDougal, A. H. Fessler, and H. B. Barlett, 
“Ceramic Bodies for Spark-Plug Insulators,’’ U. S. Pat. 
a February 25, 1941; Ceram. Abs., 20 [5] 121 

1941). 

“ P. M. McKenna, ‘“‘Tantalum Carbide, Its Relation to 
Other Hard Refractory Compounds,”’ Jnd. Eng. Chem., 28 
[7] 767-72 (1936). 

# J. F. McMahon and S. A. Fossaceca, “Influence of 
Zircon, Talc, and Feldspar Mixtures on Some Properties of 
Whiteware Bodies.”” Presented at Forty-Third Annual 
Meeting, The American Ceramic Society, Baltimore, Md., 
April 2, 1941 (White Wares Division). Not published. 

(a) H. C. Meyer, “Zirconium,” Eng. Mining Jour., 
January 11, 1919. 
(b) C. Meyer, “‘Zirconia,’’ Min. Fooie- Notes, 3 [2] 2-12 
1919). 

* H. Moissan and Lengefeld, ‘‘New Zirconium Carbide,” 
Compt. rend., 122, 651-54 (1896). 

51 G. W. Morey, “Optical Glass,’’ U. S. Pat. 2,150,694, 
March 14, 1939; Ceram. Abs., 18 |5) 127; [11] 292 (1939). 

% R. P. Neville, “Preparation of Platinum and of Plati- 
num Rhodium Alloy for Thermocouples,” Trans. Amer. 
Electrochem. Soc., 43, 371-84 (1923). 

53M. Paquet, “Applications of Cerium, Zirconium, and 
Titanium Compounds to Production of Enamels on Metals 
and Ceramic Ware,’”’ Compt. Rend. 18me. Congr. Chim. Ind., 
1938, pp. 1096-1107; Chem. Abs., 33, 6550 (1939); Ceram. 
Abs., 18 11) 291 (1939). 

% J. H. Partridge and J. R. Lait, ““Manufacture of Re- 
fractory Articles from Pure Oxides of High Melting 
Points,”’ Jour. Soc. Glass Tech., 20 [80] 200-17 (1936); 
Ceram. Abs., 17 [1] 20 (1938). 

55 (a) Marcello Pirani, ‘‘Refractory Glass,’’ U. S. Pat. 
2,219,332, October 29, 1940; Ceram. Abs., 20 [1] 16 (1941). 

b) Marcello Pirani and J. H. Partridge, “Vitreous 

Body,” U. S. Pat. 2,219,331, October 29, 1940; Ceram. 
Abs., 20 {1] 22 (1941). 

ba (a) E E. Podszus, ‘“‘Melting ZrO, and Making Zirconia 
Ware,” Zz. angew. Chem., 30, 17-19 (1917). 

(b) EB. Podszus, “Plasticity, I,” Kolloid-Z., 20, 65-73 
191 
. a (a) G. R. Pole, “Calcium Oxide-Chromium Oxide- 
Zirconium Oxide Refractory,” U.S. Pat. 2,231,944, Febru- 
ary 18, 1941; Ceram. Abs., 20 |5| 119 (1941). 

(d) G.R. Pole, “Calcium Oxide-Zirconium Oxide Refrac- 
tory,” U. S. Pat. 2,231,945, February 18, 1941; Ceram. 
Abs., 20 [5] 119 (1941). 

8 Eric Preston, “Zirconium Oxide as a Constituent of 
Glass,” Foote-Prints, 11 [2] 1-11 (1938); Ceram. Abs., 18 
{3} 73 


F. Rea, “Cone Fusion Study of Mixtures of Zir- 


Journal of The American Ceramic Society—Kreidl 


conium Silicate, Silica, and Alumina,’ Jour. Amer. Ceram. 
Soc., 22 [3] 95-96 (1939). 
© W. J. Rees and J. H. Chesters, , “Preliminary Investi- 
tion of Magnesia-Zircon Series,” Trans. Ceram. Soc. 
England], 29, 309-16 (1930). 
*! Renaux thesis, Paris, 1908; cited by E. Wedekind, 
“Ceramic and Dielectric 


reference 82. 

R. Rieke and A. Ungewiss, 

Properties of TiO,-MgO-ZrO, Bodies,” Ber. deut. keram. 
Ges., 17 [5] 237-64 (1936) ; Ceram. Abs., 16 (1) 26 (1937). 

Campbell Robertson, “Ceramic Colors,” Ceram. Age, 

37-40: 71- ~74 (1940); Ceram. Abs., 20 {1} 3 (i94l). 
. H. Rodd, “Zirconia as a Refractory,” Jour. Soc. 

Chem ‘Ind. {London}, June 15, 1918; 

Foote- Notes, 2 [7] 6-10 (1918). 

% W. F. Roeser, F. R. Caldwell, and H. T. Wensel, 
“Freezing Point of Platinum,” Bur. Stand. Jour. Research, 
‘ [6] oo (1931); R.P. 326; Ceram. Abs., 10 [10] 733 

1931). 

% P.S. Roller, D. Rittenberg, and A. Gabriel, ‘“‘Prepara- 
tion of Laboratory Refractory Crucibles,’’ Ind. Eng. Chem., 
28, 486 (1936); Ceram. Abs., 16 [3] 91 (1937). 

* (a) O. Ruff and F. Ebert, “Ceramics of Highly Refrac- 


reprinted in Min. 


tory Materials: I, Forms of Zirconium Dioxide,” Z. 
anorg. allgem. Chem., 180, 19-41 (1929); Ceram. Abs., 8 
[9] 660 (1929). 


(5) O. Ruff and G. Lauschke, ‘‘Manufacture of Zirconia 
Ware,” Z. anorg. allgem. Chem., 97, 73-112 (1916). 

(c) O. Ruff and Josef Moczala, “Plastic Materials from 
tient), ibid., 133, 193-219 (1924); Ceram. Abs., 3 [8] 252 

1924). 

Ryschkewitsch, ‘“New Ceramic Products from Pure 
(108) for Chemical Purposes,”” Chem. A pp., 24 [9] 137-41 
(1937). 

* W. Schulz, ““Opacification by Zirconium and Cerium 
Oxide,” Keram. Rundschau, 46 |25) 277-79 (1938); Ceram. 
Abs., 18 [1] 11._(1939). 

% Viadin.ir Skola, ‘Methods for Producing Refractory 
ZrO, Ware,” Zpravy Ceskoslov. keram. spoletnosti, 12, 53-55 
(1935); Ceram. Abs., 17 [11] 354 (1938). 

1 A. C. Slater, “Zirconia Deposits of Brazil,’’ Sands, 
Clays, & Minerals, 2 [4] 103-107 (1936); Ceram. Abs., 15 
[7] 218 (1936). 

72 Société Anon. des Manufactures des Glaces & 
Produits Chemiques de St. Gobain, Chauny & Cirey, 
“Preparation of Crystallized Zirconia by Fusing, Cooling, 
and Grinding Resulting Mass and Treating with HF,” Ger. 
Pat. 647,918, July 16, 1937; Ceram. Abs., 17 [4] 164 (1938); 
Bernard Long, “Glass and Process of Making,’’ U. S. Pat. 
1,633,534, June 21, 1927; Ceram. Abs., 6 [9] 381 (1927). 

* M. von Stackelberg, see reference 12 (c). 

73 (a) W. H. Swanger, “Melting, Mechanical Working, 
and Some Physical Properties of Rhodium,” Bur. Stand. 
Jour. Research, 3 [6] 1029-40 (1929); R.P. 127; Ceram. 
Abs., 9 [3] 233 (1930). 

(b) W. H. Swanger and F. R. Caldwell, ‘Special Refrac- 
tories for Use at High Temperatures,’ Bur. Stand. Jour. 
Research, 6 [6] 1131-43 (1931); R.P. 327; Ceram. Abs., 
16 [10] 704 (1931). 

™ F. Thomas, “Siloxide, a Superior Substitute of Silica 
Glass,’’ Chem. Ztg., 36, 25-27 (1912). 

7% J. G. Thompson and M. W. Mallet, ‘“‘Preparation of 
Crucibles from Special Refractories by Slip Casting,” 
Jour. Research Nat. Bur. Standards, 23 [2] 319-27 (1939); 
R.P. 1236; Ceram. Abs., 18 [11] 300 (1939). 

76H. Thurnauer, ‘“Cordierite Gives Low Expansion in 
Ceramic Bodies,” Ceram. Ind., 29 [5] 362-64 (1937); 
Ceram. Abs., 17 [11] 358 (1938). 

™L. Troost, “Zirconium Carbide,” Chem. Zenir., 93, I, 
91 (1893). 

% R. Twells and C. C. Lin, “Effect of Substituting AlyOs 
and ZrO, for Free SiO, in Electroporcelain,”’ Jour. Amer. 
Ceram. Soc., 4 [3] 195-205 (1921). 
ere y Van Arkel, cited by Ruff and Ebert, reference 

a). 

8° H. von Wartenberg and W. Gurr, ‘Melting Diagrams 
of Superrefractory Oxides, II,” Z. anorg. allgem. Chem., 
190, 178-84 (1930). 


Vol. 25, No. 5 


“Process Producing a Filler for White 
Enamel,” U. S. Pat. 1,024,405, April 23, 1912. 
I. Kreidl, ‘“‘Clouding Agent for Producing Clouding 
: Effects in White Enamels and Process of Producing,” U. S. 


W. Washburn and E. E. Libman, “Approximate 
Determination of Melting of the System ZrO,- 
SiO2,” Jour. Amer. Ceram. Soc. 3 (8) 634-39 (1920). 
82 ox Wedekind, ‘Preparation of Zirconia,” Z. anorg. 
., 33, 81-86 (1903). 
On L. Weiss and R. Lehmann, “Zirconium Oxide,” 
ibid., 178-227 (1909). 
“HT . Wensel, W. F. Roeser, L. E. Barbow, and F. R. 
Caldwell, ‘“‘Waidner-Burgess Standard of Light,” Bur. 


Rare Earths 141 


Stand. Jour. Research, 6 (6) 1103-17 (1931); R.P. 325; 
Ceram. Abs., 10 [10] 734 (1931). 

%N. A. Zhirnova, “Fusibility Diagram of System ZrO,;- 
MgO,” Zhur. Priklad. Khim., 2, 1278-86 (1939); Ceram. 
Abs., 19 [8] 201 (1940). 


Munerac Inpustrrizs 
Tue State 
State PENNSYLVANIA 


RARE EARTHS* 


By Norpert J. 


ABSTRACT 


Cerium oxide in glasses is the strongest oxidizing agent with respect to iron. In com- 
bination with neodymium oxide, which compensates the remaining hue, it represents the 
ideal decolorizer. Cerium oxide absorbs in the ultraviolet without affecting visible 
transmission. It is used as an enamel opacifier in France. Various other applications 
of the rare earths are listed, including those which are based on the abrupt division of the 
visible spectrum by the sharp absorption band of neodymium in the green. 


|. Introduction 


In the first paper of this series,t it has been shown 
that diluted occurrence, difficult separation, and eco- 
nomical factors rather than rarity cause the less fre- 
quent use of some special raw materials in the ceramic 
industry. This is true even in the case of the “‘rare”’ 
earths. They are found in the United States, Brazil, 
India, Australia, and Scandinavia. The main reason 
for their high price is the difficulty of the chemical sepa- 
ration of the individual elements of this group. 

Represented under this common name are La, Ce, 
Pr, Nd, Il, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, 
and Lu, with atomic numbers of 57 to 71. 


ll. Glass Decolorization with Cerium and Neo- 
dymium 

The first use of rare earths in ceramic materials was 
suggestee. by Drosbach,' who recommended that glass 
be decolorized by a mixture of rare earths. The cerium 
oxide in this mixture has an oxidizing effect on the 
divalent iron, whereas the neodymium compensates for 
the remaining yellowish color. This combination, in 
fact, for chemical and physical reasons, is the best de- 
colorizer known at the present time. Price considera- 
tions and the difficulty of inaugurating the use of a new 
decolorizer, however, prevent its general application. 
Arsenic must not be used with this decolorizer because 
even traces of it would impair the color of the glass. 
According to Kohl,’ a similar effect is obtained in ivory 


* Presented at the Forty-Third Annual Meeting, The 
American Ce-amic Society, Baltimore, Md., April 2, 1941 
‘ ies and Equipment Division). Received July 24, 

tN. J. Kreidl, “Zirconium and Thorium Oxides in Ce- 
ramics,”’ this issue, Pp. 129-41. 

* Pp, Drosbach, ‘ ‘Decolorization of Glass with Rare 
Earths,”’ Ger. Pat. 103, 441 (1896). 

_ *(@) Hans Kohl, ‘‘Red and Yellow Pigments in Ceram- 
ics: II, Yellow Colors, with Special Reference to Ivory 


(1942) 


porcelain in which the replacement of manganese by 
cerium gives rise to a very pure color although the effect 
may not be caused by the oxidation of iron. With 
titanium oxide, cerium dioxide produces a beautiful 
yellow color in glass. 


Ill. Ultraviolet Absorption of Cerium Glass 


Schott investigated CeO, as a glassformer, but only 
the discovery of the remarkable absorption of this 
colorless compound in the ultraviolet range by the 
Sanoskop Company® in Germany in 1912 and by 
Crookes‘ in 1913 in England increased its importance. 
In designing protective eyeglasses, it was desirable to 
replace dark-colored, ultraviolet-absorbing glasses, such 
as ferric oxide glasses, by a glass which was almost as 
colorless as regular ophthalmic giass. These Crookes’ 
glasses, which contained 2 to 4% of CeO:, found general 
use in England although they were originally unsuccess- 
ful in Germany. They are known by this name in the 
United States and by the name of Dichroyal and Fil- 
trays in France. Pure CeO, is not always necessary in 
these glasses and raw materials that contain La,Ox;, 
Nd,Os3, Pr:Os, and are being used. The use of 
cerium oxide in combination with ThO,, ZrO:, and BeO 
for very viscous glasses of higher expansion than silica 
has been suggested by Pirani.® 
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Use,”’ Emailwaren-Ind., 15 [29-30] 199-202; [31] 207-10; 
[32] 215-19 (1938); Ceram. Abs., 18 [4] 94 (1939). 

Sanoskop G.m.b.H., “‘Ultraviolet-Absorbing Glasses,’’ 
Ger. Pat. 308,075, April 4, 1912. 

4 W. Crookes, “Preparation of Eye-Preserving Glass for 
Spectacles,” Trans. Roy. Soc. [London], A214, 1 (1914). 

5 (a) M. Pirani, “Refractory —_— U. S. Pat. 2,219,- 
332, October 29, 1940; Ceram. Abs., 20 (1) 16 (1941). 

(6) M. Pirani and J. H. Partridge, ‘ “Vitreous Body,” 
U. S. Pat. 2,219,331, October 29, 1940; Ceram. Abs., 30 
[1] 22 (1941), 
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IV. Glasses Colored with Neodymi 
and Praseodymium 


An addition of some neodymium oxide improves the 
selenium pink,’ and cerium and titanium oxides impart 
to the glass a beautiful yellow color and remarkable 
brilliance. One of the most beautiful glass colors, how- 
ever, and the only bright purple known in glass is 
obtained — the use of pure neodymium oxide. Neo- 
first prepared on a large scale by 

Their specific absorption, consisting of 
soaant 0 bands™) in visible and in infrared wave 
length, has found several interesting applications. 

In concentrations of 4 to 5%, neodymium is found in 
the famous purplish-blue glasses (Alexandrite glasses) 
of Bohemia, which were developed by L. Moser. The 
main absorption band of aqueous solutions of neo- 
dymium is in the yellow-green part of the spectrum. 
The same absorption band is present in this glass, and 
the visible spectrum is divided abruptly into a blue 
part and a red part. This peculiarity of the absorption 
spectrum causes different color sensations, depending on 
whether the light passes through thick or thin layers of 
glass. Because of this effect,* the Moser glasses of 
Bohemia exhibit a play of blue and red colors along the 
changing wall diameter in which they are purposely 
formed 


The discontinuity of the light transmission between 
red and blue enables the user of such a glass to dis- 
tinguish certain colors more easily, especially red and 
green.* Such glas. may be used either as an eyeglass or 
asalamp shade. Neodymium glasses of higher concen- 
tration are also used for navigation and aviation,'* and 
they have been recommended to illuminate recreation 
and sales rooms by filters or colored bulbs." This 
glass has been called Neophane (Philiphan in Hol- 
land). 

Long"* has made use of the intensive absorption by 


* J. Léffler, “Selenium Pink as a Glass Color and Its 
Modification by Rare Earths,” Glestech. Ber., 15 389- 
93 (1937); Abs., 17 172 (1938). 

F. Weidert, “Absorption of Didymium 
Glasses with Various Compositions of the Base Glass,” 
abstracted in 


“Spectral Absorp- 
i Glasses,” Glasteck. Ber., 16 [2] 51-57 
rk — Abs., 17 [10] 326 (1938). 

Ctyrok¢, “Glasses Colored with Neodymium 
‘and Vanadium Oxide,” Skld#ské Roshledy, 15 [5-6] 
94-128 (1938); Glashaitte, 69 [17] 305-306; [18} 320-25; 
19] 337-40 (1939); Glestech. Ber.. 18 [1] 1-7 (1940); 


cram. Abs., 19 (6} 136 wry 
*W. Stroble, “Effect of Light Filters, Especially of 
Neodymium-Containing Glasses on Color Sensation,” 
Mitt. Opt. Inst. Tech. ch. Hochschule, Berlin, 1937; abstracted 
in Physik. Ber., 19 [12] 1266 (1938); Ceram. Abs., 17 [11] 
350 (1938). 

F. Weidert and Hans Léffler, Neodymium Glasses 
Used in Navigation and Aviation” v. S. Pat. 2,219,122, 
October 22, 1940; Ceram. Abs., 20 [1] 16 (1941). 

(g) C. Schaefer and J. Rosemann, “I of Neo- 
phane Glass on Visibility of Interference Patterns in White 
Light,”’ Z. tech. Physik., 20 [7] 193-98 (1939); Ceram. Abds., 


18 [11 = (1939). 
(o J. Bouma, “Neophane Glass (Philiphan),” 
Teck: Rev., 3 27-29 (1938). 


“Rontgen-Ray Apparatus, 
450,513, July 15, 1936; Chem. Abs., 31 [1] 41-42 (1937). 
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neodymium glass in the yellow part of the spectrum in 
another invention. Windows made oft neodymium 
glass will render a room illuminated by sodium lamps 
invisible to attacking aircraft. He has also applied 
sodium light in combination with a neodymium glass in 
a device for hospitals, by means of which an operation 
may take place in an illuminated room and the progress 
of the operation may be checked on a fluorescent X-ray 
screen. In place of the usual heavy lead glass for the 
absorption of the X rays, a lead glass colored with neo- 
dymium oxide is used in combination with the screen. 
When the room is lighted by sodium lamps, the screen 
looks dark under the neodymium glass and scintillates 
only when excited by X rays. 


V. Optical Glasses 

Praseodymium oxide gives a green color although 
this color may be obtained just as well by cheaper 
oxides. With neodymium oxide, it gives grayish tints."* 

The use of lanthanum oxide in optical borate glasses 
of high refractive index and low dispersion in co nbina- 
tion with ThO, and tantalum oxide has been suggested 
in the patents of Morey and Eberlin." (See p. 138, 
this issue.) 

Vi. Enamels and Glazes 

In Europe, cerium oxides are being used for the 
opacification of enamels."* Additions as small as 4% 
may furnish a reflectance of 75 which corresponds to 
the opacity of enamels that are clouded with tin oxide. 
According to Kohl,? 1.5% of CeO, corsmapends to 6% 
of SnO,, 7% of antimonate, or 4.5% of gas opacifier. 
Cerium oxide is also used in combination with gas 
opacification.? 

The influence of the crystalline structure of cerium 
oxide and its solubility in various enamels have been 
discussed recently by Paquet.©) The opacifying 
phase is the face-centered cubic CeO;. The high re- 
fractive index of 2.3 explains why only a small amount 
of CeO, is necessary to replace tin oxide, which has a 
refractive index of 2, in the mill. There is a consider- 
able amount of solubility in the enamel frit, and it may 
also cause a yellow hue. Its use is therefore restricted 
to mill opacification, and frit opacification is excluded. 
Calcination with other oxides and salts is beneficial even 
if the cerium oxide content of the opacifier is reduced by 
the addition of considerable amounts of these com- 
pounds; for example, 35% of MgO may be used. The 
enamel industry in Srence has tried other oxides, but 
the results are unknown. The addition of 3 to 4% of 


ay, Ctyrok¢, “Importance of Rare Earths for Glass 
Industry,” Roshiedy, 15, 23-33 (1938); Ceram. 
Abs., 17 [8] 274 (1938). 


(a) L. W. Eber ‘a, “Rare Earth Borate Compositions,” 
U. S. Pat. 2,206,081, July 2, 1940; Ceram. Abs., 19 [9] 213 


(1940). 
(6) G. W. Morey, “Optical Glass,” U.S. Pat. 2,150,- 
18 [5] 127; [11] 297 


694, -emag 14, 1939; Ceram. Abs., 
(1939 

% (cg) H. S. Cooper, * ‘Enamel Composition,” U S. Pat. 
1,510,829, October 7, 1924; Ceram. Abs., 4 [1] 5 (1925). 


on Metals and Ceramic Ware,”” Compt. Rend. 18me Congr. 
Chim. Ind., 1938, 1096-1107 ; Ceram. Abs., 18[11]291 (1999). 
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(6) M. Paquet, “Applications of Cerium, Zircommm, 
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Al,Os or of ZrO, or of both these oxides to the frit makes 
the cerium oxide less soluble. Paquet states that the 
opacification by CeO, cannot be the result only of the 
simple phenomenor of the difference of refraction. He 
was unable to reproduce the opacification in an organic 
resin as a model of the same index as the frit. 

Owing to the present high cost of cerium oxide as 
compared with that of other opacifiers, its application is 
still limited. Only in France has the extreme activity 
of the producers of rare earth materials succeeded in 
securing a place for the cerium opacifier in enamels. 

Melzer'* describes the use of 3% of]CeO, in bleaching 
cobalt ground coats and its application in cobalt-free 
ground coats instead of antimony. 

The replacement of the expensive pure cerium oxide 
by mixtures with rare earths in the opacification of 
glazes has been studied.'? The comparison was made 
on the basis of equal cerium oxide content. Such mix- 
tures impart brownish hues and increase the viscosity 
in a manner similar to that of alumina. Although 
opacification with these mixtures is inferior to that of 
the pure oxide, some colored glazes could be developed. 
The crystals of ZnO glazes, moreover, are retarded by 
the addition of the rare earth mixture. 

The residues of thorium nitrate may be used in 
opaque lead glazes on terra cotta. These residues con- 
tain cerium, neodymium, praseodymium, lanthanum, 
and yttrium. When neodymium and praseodymium 
were separated for the application of neodymium, pure 

% W. Obst cites Melzer in “Recent Experience with 
Cerium Oxide in the Enamel Industry,” Emailwaren-Ind., 
14 [44-45] 303-304 (1937). 

7 B. W. Merwin, “Cerium Oxide and Rare Earth Oxide 


— in Glaze,’”’ Jour. Amer. Ceram. Soc., 20 [3] 96-98 
(1 


lanthanum oxide was obtained. The manufacturers of 
rare earths have encouraged research on the use of this 
oxide, but few possible applications are known. Arndt 
and Puetter™ have suggested that ZnO be replaced 
partly by lanthanum oxide. When Schuen"® tried the 
addition of various chlorides to improve the salt glaze 
on earthenware of high alumina content, lanthanum 
chloride was found to yield good results, but its high 
price still prevents its practical application. 

Giusca™ has tried to replace the alumina of cordier- 
ite by rare earths, but he invariably obtained the simple 
silicates because of the higher coordination numbers of 
neodymium, lanthanum, and yttrium as compared to 
that of aluminum. 

The use of cerium oxide as a refractory material was 
investigated by von Wartenberg and Eckhardt™ who 
found that it could be used for extreme conditions. 
Pure CeO, cannot be reduced, and mixtures that con- 
tain ThO, melt above 2600°C. These authors have also 
included the systems La,O;-ZrO, and La,O;-MgO in 
their work. 
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VARIABLE FACTORS IN ACCELERATED AUTOCLAVE 
CHEMICAL DURABILITY TESTS * 


By J. S. Owens E, C. Emanver 


ABSTRACT 


An investigation was conducted of certain factors which influence the reproducibility of 
autoclave chemical durability tests. These factors include the method of preparation 
and the purity of the water used, the rinsing procedure, the volume of solution used, and 
variations in the test temperature and in the duration of the different periods of the 
heat cycle. The effect of the internal area of the container on the test results was de- 
termined, and suggestions are presented for increasing the reliability of the tests. 


|. Introduction 
A considerable amount of effort in various labora- 
tories ha’ been devoted recently to the development of 
accelerared, alkali extraction tests of the chemical 
durability of glass containers and to the possible cor- 
relation of the results of such tests with actual practice. 


* Presented at the Forty-Third Annual Meeting, The 
American Ceramic Society, Baltimore, Md., April 1, 1941 
(Glass Division). Received June 7, 1941. 


(1942) 


Reproducible results have been difficult to obtain with 
any one test, particularly if the data obtained in differ- 
ent laboratories are compared. 

The various accelerated tests which have been pro- 
posed and investigated include the action on a crushed 
glass sample or on the internal surface of a container by 
dilute acid, water, or dilute alkali at 80° to 138°C. for 
periods from 1 to 24 hours. 

A chemical durability test, which comprises the de- 
termination of the alkali extracted from the internal 


State 
Stats Pa. 
| 


144 


surface of the container by water at 120°C. for 1 hour, 
has been proposed and is in actual commercial use. In 
view of the commercial importance of this test and of 
the difficulty experienced in obtaining reproducible re- 
sults, either in one or among the different laboratories, 
an investigation of the effects of certain variable fac- 
tors in the test has been made in an effort to improve the 
precision and accuracy. 

The pertinent factors chosen for investigation were 
(1) the preparation and condition of the distilled water, 
(2) the degree of rinsing before filling the bottles, (3) 
the internal area of the bottle, (4) the volume of water 
introduced into the bottles, and (5) the variable tem- 
perature and time of heating, test, and cooling periods. 

To establish uniform conditions, these tests were made 
with 8-oz. flint bottles which were manufactured ap- 
proximately two weeks before the beginning of the tests. 
The internal area of the samples averaged 291 sq. cm. 


ll. Chemical Durability Test Procedure 


The normal procedure employed in this laboratory 
for the test (hereafter referred to as the “‘normal test’’) 
was as follows: 

Doubly distilled water was used, which may be pre- 
pared by redistilling the usual laboratory-distilled water 
in an all Pyrex-brand still fitted with No-Lub ground- 
glass joints. The proper portion of the distillate was 
collected and boiled in a Pyrex-brand flask to approxi- 
mately three fourths of its original volume to remove 
any residual gases. The purity of the boiled water was 
tested by titrating a 100-ml. portion while hot (approxi- 
mately 70° to 80° C.) with 0.02 N H,SO,, using 2 drops 
of methyl red indicator (0.2 gm. of methyl red in 100 ml. 
of 95% ethyl alcohol). The amount of acid required 
was about —0.02 to +0.02 ml. The water was 
stored in a sealed 5-gallon Pyrex-brand bottle, fitted 
with a soda-lime tube and a Pyrex-brand siphon, from 
which it was withdrawn for use without reboiling. 

Each 8-oz. bottle to be tested was rinsed with 40 ml. 
of the prepared water. Immediately after introducing 
the water, the bottle was covered with tinfoil, shaken 
three times so that the entire internal surface was 
washed, and emptied. Each bottle was then filled to 
its rated capacity with the prepared water at room 
temperature and loosely capped with tinfoil crimped 
over the neck and retained in place by rubber bands. 
Two 250-ml. Pyrex-brand Erlenmeyer flasks, which 
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were similarly rinsed, filled with 237 ml. of water, and 
capped, were placed in the autoclave with the bottles 
to serve as blank contrels. 

The closed, gas-heated autoclave,* containing dis- 
tilled water to a depth of two inches, was heated to 
100°C. with the vent valve open. The bottles were in- 
troduced, and the closed autoclave, with the vent valve 
open, was heated to 100°C. in 15 minutes. The valve 
was closed, and the autoclave temperature was raised 
uniformly to 120°C. in exactly 15 minutes. The tem- 
perature was maintained at 120°C. for 60 minutes by 
regulating the flame beneath the autoclave and was 
then lowered to 100°C. in exactly 30 minutes by regu- 
lating the vent valve. 

The bottles were removed from the autoclave and 
were immediately shaken three times. One hundred 
milliliters of the water from each bottle and from each 
of the blanks were titrated with 0.02 N H,SOQ, to a 
methyl red end point while hot in a 250-ml. Pyrex- 
brand Erlenmeyer flask. The net titer, after correc- 
tion for the blank, may be expressed as milligrams of 
NaOH per liter. 


lll. Experimental Results 


(1) Preparation of Distilled Water 


Experiments were made to compare the properties 
of the water, which was obtained in a Pyrex-brand still 
by a single distillation of tap water and by redistillation 
of laboratory-distilled water, and to test the efficacy of 
certain reagents added to the still boiler. The reagents 
used were alkaline permanganate solution, which con- 
tained 200 gm. of potassium hydroxide and 8 gm. of 
potassium permanganate per liter, and phosphoric acid, 
which was prepared by heating c.p. 85% phosphoric acid 
to white fumes.' One hundred milliliters of the alkaline 
permanganate solution were added to 4 liters of water 
in the still boiler, and additions of 0.1 ml. and of 6.4 ml. 
of phosphoric acid to 4 liters of water in the boiler were 
employed. 


* A satisfactory autoclave heated by other means may 
be used. 

1(a) C. B. Clevenger, “Rapid and Convenient Method 
for Preparation of Conductivity Water,’’ Ind. Eng. Chem., 
11, 964-66 (1919). 

(6) §. B. Ellis and S. J. Keil, “Purification of Water 
and Its pH Value,” Jour. Amer. Chem. Soc., 57, 
2145-49 (1935). 


TABLE I 
PREPARATION OF DISTILLED WATER 

NHs (p.p.m.) PO, (p.p.m.) Titer (mg. of NaOH/liter) Chemical 
Distillate — ~ — “ — - “ durability test 

Water in fraction Reagent Before After Before After Before After (mg. of 
boiler (%) in boiler boiling boiling boiling boiling boiling boiling NaOH/ liter) 

Distilled 0-25 None 3.0 2.0 Nilt Nilt 0.0 0.96 10.00 

25-50 0.6 Nil* .32 .40 10.48 

50-75 Nil* — .32 16 11.44 

75-90 0.01 — .48 16 10.64 

Distilled 0-25 H;PO,tf Nil* “ 0.3 e — .16 0 10.24 

25-50 0.16 0.06 — .08 0 10.72 

50-75 ee ee Nilt Nilt — .08 0 10.08 

oe oe ¢ 16 0 9 60 


* Nil < 0.01 p.p.m. ft Nil < 0.02 p.p.m. 


t The amount of H;PO, is 0.1 ml. to 4 liters of water. 
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Variable Factors in Autoclave Chemical Durability Tests 


The initial 90% of the distillate in each methed of 
preparation was collected in four fractions. The prop- 
erties of the fractions were compared (1) by analysis for 
ammonia and for phosphate, respectively, (2) by car- 
bon dioxide content (determined relatively by differ- 
ence in titer of a 100-ml. aliquot before and after boil- 
ing), (3) by degree of neutrality of the boiled distillate, 
and (4) in some cases by results of autoclave chemi- 
cal durability tests on the usual 8-oz. bottles. 
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The best water from the standpoint of the uniformly 
low ammonia and carbon dioxide content, the practical 
neutrality of the distillate, and the uniformity of the 
chemical durability values obtained with the different 
fractions is produced by redistilling laboratory-distilled 
water to 4 liters of which 0.1 ml. of phosphoric acid 
has been added. Doubly distilled water of satisfactory 
purity may be prepared without the addition of phos- 
phoric acid provided a larger portion of the distillate 


TaBLe II 
Errect oF SALTS 
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Deviation from 
normal test Minimum significant 
tration Net titer of solution* 


Concentration of metal _— 
Compound p.p.m. 
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is discarded, which decreases the efficiency of the still. 

Table I shows a representative comparison of the 
doubly distilled water prepared with and without the 
addition of phosphoric acid to the still boiler. 

All of the water used subsequently was prepared by 
the addition of phosphoric acid to the still boiler. The 
titer of this water, which was determined immediately 
after being boiled in 3-liter Pyrex-brand flasks, did not 
exceed the limits of —0.16 to +0.16 mg. of NaOH per 
liter. It was found that aliquots of the same water, 
boiled in different Pyrex-brand Erlenmeyer flasks of 
1-liter capacity, might yield significantly different titers. 
To avoid the effect of this condition, all distillates were 
collected in 6-liter Pyrex-brand flasks, transferred to 
3-liter Pyrex-brand flasks in which the water was 
boiled, and the boiled water was then introduced while 
hot into a 5-gallon, sealed Pyrex-brand bottle, which 
was equipped with a soda-lime tube. The bottle was 
also fitted with a Pyrex-brand siphon contairing a 
short rubber connection through which the water was 
introduced into and withdrawn from the bottle without 
contamination by carbon dioxide. The different lots of 
water used in all of the tests thus had essentially identi- 
cal properties. The titers of the Pyrex-brand blanks in 
the autoclave tests varied from zero to 0.24 mg. of 
NaOH per liter. 


(2) Effect of Carbon Dioxide in Water 

In order to determine the effect of carbon dioxide that 
is present in the water in the bottles before their intro- 
duction in the autoclave or in the solutions at the time 
of titration, the following experiments were made: 

(1) Bottles, filled as usual and capped loosely with 
tinfoil, were allowed to stand at room temperature 
in the laboratory atmosphere for periods up to 180 min- 
utes. The autoclave test results obtained with these 
bottles were compared with those of bottles which con- 
tained unboiled as well as CO,-saturated water. 

(2) After a normal autoclave treatment of duplicate 
bottles, the different bottles, covered with tinfoil, were 
allowed to stand at room temperature following their 
removal from the autoclave and were titrated at suc- 
cessive intervals up to 160 minutes to determine the 
effect of temperature and of absorption of carbon di- 
oxide on the titer obtained. After the first titration, the 
solutions were boiled and retitrated. 

(3) To determine whether carbon dioxide is effective 
in reducing the alkali extraction by the water or in af- 
fecting the titration itself, a chemical durability test 
was made with duplicate bottles and with Pyrex-brand 
Erlenmeyer flasks containing solutions of normal pre- 
pared water, CO,-saturated water, 0.0003 N NasCOs, 
and 0.0006 N NaOH. After the autoclave treatment, 
an aliquot of the solution from each container was ti- 
trated, boiled, and retitrated. Another aliquot was 
boiled and then titrated. 

The data obtained in these experiments show that 
(1) no appreciable amount of carbon dioxide is ab- 
sorbed by the filled bottles before or after autoclaving 
for periods up to 3 hours; (2) carbon dioxide in the 
water before the test decreases both the amount of 
alkali extracted in the autoclave and the titration 
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value; (3) a small amount of carbon dioxide apparently 
is present in the containers after the autoclave treat- 
ment, regardless of whether they originally contain 
water, dilute Na;CO; solution, or dilute NaOH solu- 
tion; and (4) the temperature of the solution, when ti- 
trated, has no significant effect on the titer obtained. 


(3) Effect of Metal Salts in Water 

Experiments were made to determine the effect on 
the result of the otherwise normal test of different con- 
centrations of various metal salts in the water used in 
the bottles and in the Pyrex-brand blanks. To 227 ml. 
of water in each bottle and Pyrex-brand blank were 
added 10 ml. of a solution which contained the proper 
concentration of the salt to give the desired final con- 
centration in the container. 

Table II shows (1) the compounds tested in the order 
of decreasing effect on the chemical durability test, 
(2) the quantitative effect of each compound on the 
test, (3) the minimum concentration of each metal 
which produced a significant effect (0.5 mg. of NaOH 
per liter, just greater than the normal experimental 
variation) on the test, and (4) the net titer of a dup- 
licate of each solution used in the bottles. 

These data show that small concentrations of metals 
in the water may cause considerable error in the test 
results. Not only do the minimum concentrations of 
the various metals which will produce a significant ef- 
fect on the test differ in order of magnitude, but the 
negative radical in the compound may also exercise 
appreciable influence. 

Table II shows that, of the compounds used, only 
CaCl,2H,0 and Na,SiO;9H;O increased the test re- 
sults. 

The titrations of duplicates of the solutions used 
gave no indication, except for impurity concentrations 
much greater than the minimum significant values, of 
the effects produced on the autoclave test. 

The replacement of the tinfoil covers of the bottles 
with inverted Pyrex-brand beakers was found to in- 
crease the autoclave test results by 0.30 mg. of NaOH 


TABLE ITI 
EFFECT OF RINSING PROCEDURES 
Deviation from 
Net titer normal test 
No. of Method of (mg. of (mg. of 
rinses rinse NaOH liter) NaOH /liter) 
1 H,O 40 ml; 3 10.32 0.00 
shakes* 
None None 11.20 + .88 
None Bottles blown out 10.96 + .64 
with filtered com- 
pressed air 
2 H,O 40 ml; 3 9.76 — .56 
shakes 
4 H:O 40 mil.; 3 9.92 — .40 
shakes 
1 H,0 40 ml.; 5 min- 9.92 — .40 
utes of thorough 
rinse 
1 Full bottle; stand- 9.60 — .72 
ing 10 minutes 
1 Full bottle; shaken 9.28 —1.04 


10 minutes 


* Norma! test. 
Vol. 25, No. 5 
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per liter. This deviation is withiz the normal experi- 
mental error of approximately: 0.40 mg. of NaOH per 
liter. 

(4) Effect of Rinsing 

The effects of different rinsing procedures used be- 
fore the bottles were filled for the otherwise normal test 
are shown in Table III. These bottles were approxi- 
mately 9 weeks old and were stored uncapped before 
use in paper cartons. 

These data show the importance of a uniform rinsing 
procedure before filling the bottles and of performing 
the rinsing qu.ckly to prevent the water from standing 
in the bottles for any length of time. 

With increasing age and weathering of the bottles, 
this effect of rinsing would be expected to become in- 


creasingly important. 
ig of Internal Area and Degree of Fill of 
es 


(A) Measurement of Internal Area: The following 
rapid method for measuring the internal area of a bottle 
was developed by the laboratory staff. The bettle was 
partially filled with a 20% (by volume) solution of 
methyl methacrylate in toluol and was slowly swirled 
until the entire internal area was coated with the solu- 
tion. The excess solution was drained out and low- 
pressure compressed air was blown into the bottle until 
the coating just ceased to be tacky. A second coating 
was given in similar fashion and was thoroughly dried 
by compressed air. The bottle was then externally 
scratched in several places, cracked by a severe thermal 
shock, and removed from the resin coating. The coat- 
ing was cut so that it would lie flat, traced, and the 
tracing was planimetered. The results on duplicate 
bottles showed that the error in the measured area, in 
general, should not exceed + 3%. 

(B) Effect of Internal Area: In order to determine 
the influence of the internal area of the container on 
the results of the autoclave test, te’ . were made on a 
series of bottles manufactured simultaneously in two 
furnaces from the same batch formula. The ten types 
of bottles varied in nominal capacity from 0.5 to 32 
ounces and represented square, rectangular, cylindri- 
cal, and flask shapes. As the internal area and nomi- 
nal capacity of the bottle increased, the total amount 
of alkali extracted was found to increase and the con- 
centration oi alkali in the liquid extract decreased (see 
Fig. 1, curves (1) and (2), respectively). This conclu- 
sion agrees with Turner’s results? on the 5-hr. boil- 

*'W. E. S. Turner, e ail., “Basis of Standard Test for 


Chemical Durability of Glass Bottles,’ Jour. Soc. Glass 
Tech., 19, 171-88 (1935); Ceram. Abs., 16 [7] 200 (1937). 
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Fic. 1.—Effect of internal area of container on alkali 
extracted. 


ing-water test. The alkali extracted per unit internal 
area decreased about 30% ior a 13-fold increase 
in area. Inasmuch as the conditions of manufacture 
and of annealing were not identical for the bottles 
of different size, the cause of this decrease in the 
alkali extracted per unit area could not be deter- 
mined. 

These results show the important effect of the inter- 
nal area of the container on the results of the chemical 
durability test and that this area must be taken into ac- 
count in the evaluation of the durability of the glass of 
any particular type of bottle. For essentially the same 
formulation, the amount of alkali extracted per unit of 
internal surfare seems to be roughly constant for con- 
tainers of different sizes and shapes. 

(C) Effect of Volume of Water in Container: Table 
IV shows the effect of the amount of water placed in the 
bottle for the chemical durability test. 

These data show that, with increasing volume of 
water in the bottle, (1) the total amount of alkali ex- 
tracted and the amount of alkali extracted per unit of 
total internal area increase, and (2) the concentration 
of the liquid extract and the amount of alkali extracted 
per unit of internal area covered by water decrease. 


TaBLe IV 
EFrrect OF VOLUME OF WATER IN BoTTLe 


Internal area Net titer 
Total internal covered by Vol. of water (mg. of 
area (cm.*) water (cm.*) in bottle (ml.) NaOH /liter) 
291 142 120 14.20 
179 160 12.00 
219 198 


265 


Alkali extracted (mg. of NaOH) 
Per of 


Per cm.* of surface 


Total covered by water total surface 
1.70 0.0120 0.0059 
1,92 .0107 .0066 
2.16 .0099 .0074 
2.47 .0093 -0085 


237 10.40 
(1942) 
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Because the internal surface of the bottle above the 
water line is in contact with saturated steam, it is ap- 
parent from this test that water extracts more alkali 
from the glass than does steam. 


(6) Effect of Variations in Time and Temperature 
of Heating, Test, and Cooling Periods 

With the apparatus used, the total autoclave treat- 
ment may be considered to include four periods, namely, 
(a) from approximately 80° to 100°C., (6) from 100°C. 
to the test temperature, (c) at the test temperature, 
and (d) from the test temperature to 100°C. The 
temperature of the autoclave, initially 100°C., is ap- 
proximately 80°C. immediately after the introduction 
of the bottles. The duration of these four periods in the 
normal test are, in minutes, (a) 15, (6) 15, (c) 60 at 
120°C., and (d) 30. 

To determine the effect on the chemice! durability 
test results of variations in the durations of these four 
periods and of variations in the test temperature, the 
following experiments were made. Autoclave tests 
were carried out at temperatures of 110°, 115°, 120°, 
and 130°C. in which the heating period (a) varied from 
8 to 15 minutes; the heating period (b) varied from 5 
to 45 minutes; the test-temperature period (c) varied 
from 0 to 180 minutes; and the cooling period (d) varied 
from 5 to 45 minutes. These extreme variations were 
not used for the tests at each temperature. Tests 
were also made at 100°C. with a heating period (a) of 
15 minutes and with period (c) varying from 180 to 
480 minutes. 

With the particular apparatus used, the tempera- 
ture of the water in the bottles during the heating 
period was found to lag behind that of the autoclave 
steam by approximately 8 minutes. The manner in 
which the data were obtained, however, prevented 
this lag from appreciably affecting the calculated re- 
sults. 

It was also realized that the amount of alkali ex- 
tracted per minute during each period was not constant 
but probably a function of the time. From the ex- 
periments described, however, the average apparent 
amount of alkali extracted per minute during each 
period (as determined by the autoclave temperature) 
of the test at each temperature was calculated so that 
the approximate effect on the test results of variations 
in the duration or temperature of these periods might 
be determined (see Table V). 

These data were obtained from the solutions of 
simultaneous equations which were derived from the 
results of the different tests. Absolute accuracy is not 
claimed for these calculated alkali extraction values, 
but they are sufficiently precise to enable the effects of 
variations in the test procedure to be predicted and to 
show certain relations between tests made at different 
temperatures. 

Some alkali undoubtedly is extracted during the heat- 
ing from 80° to 100°C., but the amount apparently is 
negligible in comparison with that extracted at tem- 
peratures above 100°C. 

Figure 2, plotted from the data in the fourth column 
of Table V, shows that when the effects of the heating 
and cooling periods are eliminated, the alkali extracted 
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Fic. 2.—Relation between test temperature and alkali 
extraction per minute. 


TABLE V 
ALKALI EXTRACTED PER Minute DurRinc PERIODS OF 
TEsT 
Alkali extracted per minute (mg. of NaOH/liter) 
Test peri 
Test ) 100° 
temp. (a) 80°- to test (c) Attest (d) Test temp. 
(°C.) 100°C. temp. temp. to 100°C. 
100 0 0.028 
110 0 0.056 .058 0.045 
115 0 .046 .086 .058 
120 0 .072 .110 .084 
130 0 .078 . 252 . 120 


per minute varies logarithmically with the temperature 
from 100° to 130°C. 

Figure 3 is a plot of the calculated time required at 
each test temperature to extract 10.4 mg. of NaOH per 
liter from the internal surface of the 8-ounce bottle 
used (1) under the usual test conditions, which include 
heating and cooling periods, and (2) at the constant 
test temperature only. The logarithmic relationship 
between the temperature and the time required for a 
constant amount of attack confirms the conclusion of 
Lyle and Sharp*. The increasing importance, more- 
over, of the alkali extraction during the heating and 
cooling periods with increasing test temperature is 
clearly shown. As the total amount of attack in- 
creases, curve (1) tends to become more nearly parallel 
to curve (2). 


* A. K. Lyle and D. E. Sharp, “Some Observations on 
Chemical Durability of Glass.’ Presented at the Autumn 
es of the Glass Division, Hershey, Pa., September 6, 
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These data reveal that a variation of 1 minute, at the 
normal test temperature of 120°C., from the usual 
period (c) of 60 minutes will produce approximately 
1% error in the test result, whereas a deviation of 
1° from 120°C. over the entire period of 60 minutes 
will cause an error of about 5%. Inasmuch as the tem- 
perature is the more difficult factor to control, this re- 
sult indicates the amount of care that must be exer- 
cised to obtain precise results. Because, in the experi- 
ence of the writers, no great reliability may be placed 
in the accuracy of an autoclave pressure gauge over 
extended periods of time, this result also shows the 
necessity for frequent recalibration of the gauge, or 
better, the use of an accurate autoclave thermometer 
for control purposes. 
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Fic. 3.—Relation between temperature of test and time 
required to extract constant amount of 
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(7) Precision of Test 

The precision of the normal test was determined at 
the conclusion of this investigation by five tests made 
over a period of 11 days on 8-oz. bottles taken from 
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the same carton. One lot of water was prepared for 
tests Nos. 1 and 2, a second lot was prepared for tests 
Nos, 3 and 4, and a third lot was prepared for test 
No. 5 (see Table VI). 


TaBie VI 
PRECISION OF NorMAL TEST 
Test No. 
Bottle 1 2 3 4 5 
Alkali extracted (mg. of NaOH/liter) 


Avg. 


12.16 
12.16 


12.32 


12.00 
12.16 
12.08 
12.24 


12.56 
12.24 
12.24 
12.24 


1 
2 
3 12.16 
4 
5 12.32 


12.20 12.14 12.32 12.10 12.25 


The average deviation from the mean in these tests 
amounted to 1.3%, and the maximum deviation from 
the mean was 2.5%. 


IV. Summary 

An investigation of certain variable factors in a com- 
mercial autoclave chemical durability test has shown 
that this test will yield results of good precision pro- 
vided the details of the technique are carefully stand- 
ardized. 

The purity of the distilled water used is an important 
factor. Minute traces of certain elements and small 
amounts of carbon dioxide are detrimental. Doubly 
distilled water, prepared in an all Pyrex-brand still to 
the boiler of which a small amount of phosphoric acid 
is added, is satisfactory for use in the test. 

A standardized rinsing method must be used. The 
internal area of the container must be taken into ac- 
count in the evaluation of the chemical durability of 
the glass of any particular type of bottle. With an 
increasing volume of water placed in the bottle, the 
concentration of alkali in the liquid extract decreases, 
but the total amount of alkali extracted and that 
amount extracted per unit of total internal area in- 
crease. 

The importance of careful control of the test tem- 
perature and of the times of the different periods of the 
heat cycle is pointed out. 

By standardizing the technique, the normal error in 
the results of the tests on the 8-oz. bottles used may 
be reduced to no more than + 3% of the alkali extracted. 


Acknowledgment 

The authors take pleasure in acknowledging the as- 
sistance given in the experimental portion of this work by 
other members of the Research Laboratory, especially by 
W. G. Dukek, Jr., and by W. W. Winters. 


CENTRAL TSCHNICAL LABORATORY 
Armstronc Cork COMPANY 
LANCASTER, PENNSYLVANIA 


Ss 
$ 
| 
12.56 12.00 
12.48 12.00 
12:40 
12.56 12.40 
12.48 
Avg. 
‘ 
3 
| 
3 
(1942) 


Attention All Members 


ARE YOU WORKING ON A RESEARCH 

PROBLEM? WOULD YOU LIKE TO 

PRESENT YOUR FINDINGS TO THE 
MEMBERS OF THIS SOCIETY? 


IF SO 


please notify the Papers and Program Chairman of the Division in which 
your paper should be scheduled (Chairmen listed below) that you wish to 
present your paper at the FORTY-FOURTH ANNUAL MEETING of 
The American Ceramic Society the WEEK OF APRIL 19 at CINCIN- 


NATI, OHIO. 
H. S. Nasu, W. R. Ke 
ART University of Cincinnati, REFRACTORIES Armstrong Co., 
Cincinnati, Ohio Beaver Falls, Pa. 
Kautz, 
ENAMEL Elm St., 
lurgettstown, R. L. Sronz, 
STRUCTURAL Dept. of C amic Engr, 
GLASS Corning Glass : ege Sta., 
PRODUCTS Raleigh, N.C. 
J. R. KaurrMan, 
Highland ve., 
EQUIPMENT \ittown, N. J. New Castle, Pa. 


COMPLETE PROGRAM TO BE ISSUED APRIL 1, 1942 


\ 


CERAMIC ABSTRACTS 


Compiled by 
THE AMERICAN CERAMIC SOCIETY 


ABSTRACTERS 
A.A. A W. D. Foster PF. G. Heck . Kirkendale . G. . B. 
L. R. Barrett V. D. Fréchette R.A. Heind! Lane ES 
A. C. Bevan } L. Gallup W. H. Herschel w. i Leszynski Alexis Pincus Lucille Shattuck 
A. Biddul . D. Gat M, B. Hill M.-C. Li M. E. Poor H. B. Simpson 
R. H. Bol R. L. Green RF, {, Hurlbut E. D. Maher Katherine Reed L. E. Thiess 
P. S. Dear Max Hartenheim $. Z. Kamich J. M. Noy B. C. Ruprecht F. J. Zvanut. my 
JOURNAL REFERENCE: The journa! name appears in italics, followed by the volume (bold-faced), 
issue number (in brackets), page numbers, and year (in parentheses). 
March 1, 1942 
21—3 
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M.V.C. 
Electromagnetic feeler Anon. Ma- 
chinery [N. Y.], 47 [1] Tee —tThe electromagnetic 
gauge for inspecting the measurements of small parts 
and for the automatic control of a grinding machine is 
described. Its application to the automatic control of 

diesinking operations is R.H.B. 
Grinding steel-cutting carbide Gaytorp G. 
Tompson. Jron Age, 148 [11] 41-44 (1941).—The 
grinding of carbide tools for cutting steel is a much more 
intricate procedure than the of tools for cutting 
cast iron. Diamond wheels for rough grinding are cou- 
siderably cheaper per tool service than silicon carbide 
wheels. Be aa practices in grinding are discussed and 


E.H.McC. 
Special der for motor feet. Anon. Jron 


Age, 148 [2] 63 (1941).—The Sonn Sone can be 
handled by a shaper or a milling e, but a surface 
grinder is the most satisfactory. Very little stock must 
be removed, and the feet need not be braced to avoid dis- 
tortion. The surface grinder described is installed in 
works of the Reliance Electric & Engineering Co., Cleve- 
land. The grinding head travels while the worktable 
remains ciationary. E.H.McC. 


SEPARATE PUBLICATION 


Nonmetallic Minerals Needed for National Defense: 
Il, Abrasives. Leo J. O’Nemi. U. S. Bur. Mines Infor- 
mation Circ., No. 7168, 17 pp. Free.—The sources and 
supplies of artificial and natural abrasives, coated abra- 
sives, and grinding wheels are covered with relation to 
their use in commodities needed for national defense. 


R.A.H. 
PATENTS 
Abra machine. C. J. ASTROWSKI (General Miastcie 
Co.). U.S. 2,267,391, Dec. 23, (Aug. 2 
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Abrasive article. EpWArRD VAN DER Pyt (Norton Co.). 
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Abrasive article and method of G. P. NETHERLY, 
G. R. ANDERSON, AND B. S. Cross (Minnesota Mining & 
Mfg. Co.). U. S. 2,269, _ Jan. 6, 1942 (Dec. 11, 1937). 

Abrasive materials and method of manufacture. Bas- 
a Co. Bee 541,039, Nov. 26, 1941 (Feb. 
1l, 

Abrasive tool. P. L. Kuzmicx (J. K. Smit & Sons, Inc.). 
U. S. 2,268,663, Jan. 6, 1942 (Sept. 19, 1939).—An abra- 
sive tool com g a rigid support provided with a pe- 
ripheral metal mesh ring. 

machine. M.H.Srevens. U. S. 2,269,133, Jan. 
6, 1942 (April 9, 1940). 

Coated abrasive article. G. P. Netuerty, B. S. Cross, 
ano G. R. ANpEeRSON (Minnesota Mining & Mfg. Co.). 
U. S. 2,269,416, Jan. 6, 1942 (May 20, 1941). 

Combined shield and illuminating means for grinding 
wheels. S. A. Brown (Brown-Brockmeyer Co., Inc.). 
U.S. 2.567, 1SS Dec. 23, 1941 (Jan. 11, 1940). 

Disk machine. A. N. Emmons (Porter- 
Cable 


.. Inc.). U. S. 2,268,863, Janu. 6, 1942 

(April 28, 1939). 
abrasive surfaces on grinding 
wheels. F. F. Gimore anp F. W. Korver (F. F. Gil- 


more). U.S. 2,268,983, Jan. 6, 1942 (Aug. 2, 1940). 

Grin: lathe and tool bits. R. LincHam. 
Brit. 541,433, Dec. 10, 1941 (July 27, 1940). 

Grin machine. Harry Arter (Arter Grinding Ma- 
chine Co.). U. S. 2,269,805, Jan. 13, 1942 (Feb. 29, 
1940). (Bauer & Schaurte). U. S. 


2,268,694, Jan. 6, 1942 (July 12, 1939). C. G. Fryvcare 
AND J. I. Garsmpe (Norton Co.). U. S. 2,270,206, Jan. 
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saws. J. A. Sr. Crate (E. C. Atkins and Co.). Can. 401,5 . 16, 1941 Gan 27, 1940; in U. 2 
U.S. 2 ,556, Jan. 13, 1942 (May 19, 1938). 31, 1939). G.M 
machine. W.M. F (Barnes Drill Co.) Surface-grinding machine. H. A. 
U. S. 2,268,028, Dec. 30, 1941 (Aug. 9, 1939). U. S. 2,269,697, = 13, 1942 (Oct. 18, 1940). 
machine. H. S. INDcE (Norton Co.). Can. Tool ee or work se for emery-wheel grinders, 
401,518. . 16, 1941 (Feb. 8, 1940; in U.S. Feb. 8, 1939). etc. T. S. Harrison & Sons, Ltp., anp G. B. AsHron. 
G. M. H. Brit. 540,850, Nov. 12, 1941 (Aug. 30, 1940). 
L. Harrripce. Brit. 541,703, Dec. Valve buffing and machine. E. D. Grorce 
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Jan. 13, 1942 (March 4, 1938). 


Art and Archeology 


China trade. JoserH Downs. Bull. Metropolitan Mus. 
Art, 36 [7] 156-58 (1941).—Several loans have enhanced 
the recent exhibition, ‘““The China Trade and Its Influ- 
ences,” including a porcelain cake plate brought from 
China in 1796 as a present for Martha Washington. It 
was part of a tea set ordered by Andreas Everardus van 
Braam Houckgeest peg his last visit to the court of 
Peking as a member of the embassy of the Dutch East 
India Co. He brought a large Oriental collection when he 
settled near Philadelphia to become an American citizen 
in 1784. A porcelain jar with basket-weave pattern, part 
John DeWitt It bears the monogram J M §, and 
was bought for John and Magdalena Douw Stevenson, 
pegs Res a document dated April 23, 1798, which is 
also exhibited. A nest of porcelain barrels decorated with 
polychrome enamel was loaned by Mr. and Mrs. Arthur 
Talbot. See Ceram. Abs., 21 [1] 3 (1942). A.A.A. 

Connections between and Russia. M. A. 
Murray. Antiquity, 15 [60] 384-86 (1941).—A pottery 
tray of Tripolye culture from a site on the Dnieper River 
and a seated female pottery figure found in Russia closely 
resemble — soul houses and figures of the 13th dy- 
nasty of E Illustrated. A.BS. 

Craftsmen er south of the Rio Grande. Marr- 
NOBEL SmiTH. Ari News, 40 [17] 12 (1941); Design, 43 
[4] 5, 19 (1941).—In the Latin American section of the 
Syracuse Museum’s Western Hemisphere Exhibition are 
contemporary ceramics from 15 other nations of this hemi- 
sphere. Designs based on ish decorations are 
well adapted to new techniques, especially the fine 
pomeny of Brazilian primitives combined with modern 

ctionalism. Marina Nujfidez del Prado of Bolivia dem- 
onstrates in the exhibit actual modeling, firing, and glazing. 
“Llamas,” one of her sculpture groups, and “Indian 
Mother” by Luis Guzman Reyes of Chile are illustrated. 
See “Tenth . Ceram. Abs., 21 [1] 5 

French and Italian pottery from the Rothschild collec- 
tion. C. Louise Avery. Bull. Metropolitan Mus. Art, 36 
[11] 229-32 (1941).—The Museum has obtained nine 
pieces from the distinguished collection of Baron Gustave 
de Rothschild. There are five examples of Italian majolica, 
one of Medici porcelain, and three of French faience, 
chiefly of the 16th century. A lustered plate from Deruta 
represents the transition from the abstract designs of the 
earliest majolica to the pictorial style that developed after 
1525. The other four majolica pieces are examples of the 
pictorial style, the designs being adapted from contem- 
porary paintings and engravings with mythclogical and 
dramatic subjects. A plate with a central medallion pic- 
turing the death of King Saul is an example of the famous 
Medici porcelain made at Florence in the latter half of the 
16th century. The shape is borrowed from the Near East. 
The soft, waxlike quality of the glaze and the charm and 
delicacy of execution give great distinction to this piece. 
The Museum owns two other examples of Medici porce- 
lain. The examples of French faience comprise a pedestal 
salt having the warm coloring of Palissy ware, a 
of a hurdy-gurdy player standing on a pedestal, glazed 


similarly to the other piece and following the Palissy 
tradition, and a large pilgrim bottle inscribed under the 
, “Nismes 1581.” 


(1543-1592), and of Elizabeth, daughter of 
Augustus I, Elector of Saxony. A similar bottle in the 
collection of J. P. Morgan and a dish in the Victoria and 
Albert Museum, London, are outstanding examples of 
the work of Antoine Sigalon (1524-1590), a ~~ 
A.A 


potter of Nimes. 

Greek accessions. CHRISTINE ALEXANDER. Bull. 
Metropolitan Mus. Art, 36 [10] 202-204 (1941).—A red- 
figured Athenian calyx krater depicting a scene in Circe’s 
palace has recently been placed on exhibition. The pic- 
tures tell the story of Odysseus arriving at the palace to 
‘rescue his companions who have been transformed into 
animals by Circe. The krater is from the third quarter of 
the 5th century B.c., and its subject has not been pre- 
viously represented in the Museum’s collections. 

A.A.A 


Han dynasty tombs in Szechwan. Davin CRrocKETTr 
GraHnaM. Asia, 42, 59-63 (1942)—These tombs are 
either in caves or in separate structures of ornamented 
brick. Some designs simulate the wooden latticework of 
the period, while others include animals, men, geometric 
patterns, and written inscriptions. The objects placed in 
these tombs were of jade, bronze, iron, terra cotta, and 
earthenware and included vases, jugs, jewelry, animals, 
warriors, scholars, farmers, houses, and ornamented bell- 
shaped objects. Most of the pottery is of gray clay and un- 
glazed, but some has a fine golden color. Some of the 
pieces were made on a wheel. A rare porcelanous ware 
with a greenish-brown glaze was also found. W.D.F. 

Letter from Benjamin Franklin. ANon. Jour. Roy. 
Soc. Arts, 89 [4598] 735-36 (1941).—The Royal Society 
of Arts in England invited Benjamin Franklin to become 
a corresponding member of the Society in Sept., 1755, and 
he accepted the invitation as ‘‘a very great Honour” from 
Philadelphia in Nov., 1755. He enclosed 20 guineas “‘to 
be applied by the Society in premiums for some Improve- 
ments in Great Britain as a Grateful tho’ small return for 
their most kind and Generous Intentions of Encouraging 
Improvements in America.” In a later letter from Lon- 
don dated Nov. 3, 1773, to an unknown person (#bid., 
October 13, 1941) Franklin thanked the recipient for “‘speci- 
mens so kindly sent of your new art of engraving. That 
on the china is admirable.” He did not know who in- 
vented the copperplate engraving for earthenware but 
praised “the improvement in taking impressions not di- 
rectly from the plate but from printed paper, applicable 
to other than flat forms.” He referred modestly to his 
own proposals “sent from America to Dr. Mitchell, 20 
years earlier, for the printing of square tile for ornamenting 
chimneys from copper plates, describing the manner in 
which it might be done.”” Dr. Mitchell communicated the 
scheme ‘‘to several artists in an earthen way about London 
who rejected it as impracticable.” K.R. 

Medieval stove ceramics in Liibeck. Prerer. Keram. 
Rundschau, 48 [51] 431-33 (1940).—The discovery of a 
large number of tile and ceramic fragments of the late 
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Gothic period is described. They present m 
the life of Christ and other religious subjects “Is 
M.H 


trated. 
Miniature and its potting. Marcaret STEEN- 
. Amer, Ceram. Soc., 21 [1] 12-14 


rop Ferzer. B 
(1942).—14 photos. 
Herman Mueller. Anon. Bull. Amer. Ceram. Soc., 21 
{1] 1-3 .—2 photos. 
Portrait of a potter. RoLLO WALTER Brown. Harper’s 
Mag. + No. 1099, pp. 91-97 (1941).—This penetrating and 
portrait of B.’s father shows him as an unusually 
intseating pioneer in Civil War times when people ‘‘were 
looking for something tight enough to ‘keep’ fruit and 
vegetables in. ile some of the men were grubbing 
saplings from the hillsides they discovered clay. Little 
log potteries sprang up; they had a mill shed at one end, 
a potter’s wheel or two and ware scaffolds and drying loft 
in the middle, a kiln and a fired-ware platform at the 
other end, and a ware yard out in front. If a man knew 
how to make even the crudest kind of ware or could engage 
someone to make it for him, he built one of these log pot- 
teries near his house, which might be in a hollow where 
clay and water were at hand or on a ridge where neither 
was to be had without especial effort. Anybody could 
load ware into a wagon and peddle it with more or less 
profit. ‘The ancient craft called to the young man, who 
did not like the constant hurt of wood smoke in his eyes. 
He apprenticed himself to a neighbor who was a good 
potter; he quickly became a potter in his own right in 
a pot shop his father had built ‘down in the hollow’. 
Eventually he was living in a log house of his own, high on 
a ridge a distance away.”” After working in his garden 
every morning from 4:30 until breakfast, he walked to the 
pot shop “and kicked the wheel all day. At intervals he 
stopped the wheel, wiped the slushy clean-smelling clay 
from his hands, and sprinkled the clay the horse was 
grinding in the mill shed or took up the ground clay from 
the mill and put in a new grinding from the clay pen. Or 
he balanced a long board of drying ware on his hands and 
carried it out into the sun...” From time to time he 
set the kiln for an entire day and then stayed up all night 
to fire with huge 4-ft. sticks of dried oak. Some time the 
next day he “burned off’’ the kiln and left the ware to 
cool down slowly for several days; he then carried it to 
the ware yard. ‘There, piled iu attractive symmetrical 
arrangements, were blue-gray or black fruit jars, jugs, 


water jars, Dutch pots, butter jars, milk crocks, and 
churns.” K.R. 
Two early Greek vases. G. M. A. Ricuter. Bull. 


Metropolitan Mus. Art, 36 [9] 187-90 (1941).—A Corin- 
thian plate dating from about 600 to 575 B.c., decorated 
with a fine painting of a chimaera, and an Athenian am- 
phora showing the contest of Herakles and the Nemean 
Lion, dating from about 550 B.c., have recently been pur- 
chased by the Museum. The plate is a fine example of 
Corinthian ware when Corinth was at the height of its 


Art and Archeology—Cements—Enamel 


variations. 
amphora has not yet been identified with any particular 
painter’s work. A.A.A, 
Wrinkled old woman is art from Peru’s Indian 
Emity C. Davis. Science News Letter, 40 
(1941).—The wrinkled countenance of 
adorns a pottery vase which is one of the discoveries in a 
new-found chapter of Peru's prehistoric past. G.A.K. 


SEPARATE PUBLICATION 


. 1-17. Color specifications of 
FRANCIS Scorretp. Pp. 18-22. 
er and opacity. Roscozr H. Sawyer. Pp. 
standards for materials. I. H. Gop- 

” Pp. 37-46. S& metry and color evalua- 
E. PaRKER. Pp. 47-60. Photoelectric tristimulus 
colorimetry. Ricnarp S. Hunter. Pp. 61-79. Pub- 
lished by American Society for Testing Materials, Phila- 
delphia, 1941. Price, paper cover, $1.00; cloth, $1.50. 
Sponsored jointly by the American Society for Testing 


Materials and the Inter-Society Color Council. R.A.H. 
PATENTS 
Designs for: 
Bottle. F. R. Hocn (T. J. Holmes Co., Inc.). U. S. 


130,920, Dec. 30, 1941 (Sept. 16, 1941). 

ry J. E. Spence (Hazel-Atlas Glass Co.). 
U. S. 130,857, Dec. 23, 1941 (Oct. 6, 1941). 

Plate. P. L’Anciats (Mayer China Co.). 130,- 
939, Dec. 30, 1941 (Oct. 28, 1941). J. 1. Bam (Bahl Pot- 
teries, Inc.). U.S. 130,910, Dec. 30, 1941 (March 27, 
1941). 


Forming vitreous decalcomanias. M.A.Ciavoia. U.S. 
2,267,787, Dec. 30, 1941 (July 18, 1938).—The method of 
forming self-supporting decalcomanias containing vitri- 
fiable material capable of being transferred to a vitreous 
surface and fired thereon to produce an opaque design 
which comprises forming directly upon decalcomania 
paper a film of material including pulverized glass and a 
binder which is decomposed during firing by squeegeeing 
a sufficient amount of the material forming the film through 
at least one silk-screen stencil onto the transfer paper to 
form the material into a self-supporting film when removed 
from the paper and to form the opaque design when applied 
to the surface and fired 


Cements 


PATENT 

Cement powders and method of producing acidproof 
mortars therefrom. Kari Dietz AND FRANZ PRIVINSKY 
(Pen-Chlor, Inc.). U. S. 2,269,096, Jan. 6, 1942 (July 29, 


1939).—A method of producing acidproof mortars which 
consists in mixing cement powders consisting of pulveru- 
lent aromatic sulfochlorides and acidproof filling substances 
with potassium silicate and water. 


Enamel 


All-weather highway—all-weather signs. C. D. Cama- 
HAN. Ind. Gas, 19 [9] 5 (1941).—Porcelain enameled 
signs for the Pennsylvania Turnpike were made from 
steel cleaned in gas immersion-fired cleaning tanks. 


Behavior of sodium fiuosilicate. VIELHABER. Email- 
waren-Ind., 17 [23-24] 65 (1940).—Sodium fluosilicate is 
the sodium salt of fluosilicic acid; for enamel technique it 
is composed of 0.446 NaF and 0. 554 SiF,. About one half 


of the SiF, volatilizes unless a substance (soda) is added 
to react with it; 7.35 parts sodium fluosilicate and 3.7 parts 
soda give the same fusibility and opacification as 6 parts 
sodium fluosilicate, and the enamel will not craze. See 
“Loss ’ Ceram. Abs., 18 [5] 122 (19389). M.V.C. 
"Calcite ‘in boron-free enamels. Email- 
waren-Ind., 17 [17-18] 47 (1940).—Calcite is used in en- 
amels as a flux. It has an unfavorable effect on the solu- 
bility of other constituents in the enamel slip, especially 


| 
| 
57 
prosperity and is no dowbt the work of the Chimaera | 
Painter, so named from his design on a plate in Vienna and 
a similar plate in the Louvre. The Athenian black-figured 
amphora is of the period when Corinthian ware was not 
so popular as that of Athens. The graceful shape, with its 
warm terra-cotta color and black glaze, is distinctively 
| 
' 
i 
Symposium on Color—Its Specification and Use in 
4 
| 


Soc., 25 [2] 51-52 (1942) 

F ratio in enamels. Vie.Haser. Email- 
waren-Ind., 17 [29-30] 77-78 a A is used in 
enamels in amounts of 30 to 60%; it is introduced as 
quartz or other minerals containing SiO:, preferably feld- 
spar which melts easier than quartz and is a cheap source 
of alkalis. When quartz alone is used with fluxes, the 

i and smelting is 
between 


the 

that gives the greatest softening interval is either 1:2 or 
é equalizes the irregularity of the smelting tem- 

perature caused by the use of quartz alone and is also an 

it should not exceed 50% of the 


d enamels for sheet metal 
e case of boron-free enamels. 
M.V.C. 


Gas a workout on stoves. H. H. Stawson. Ind. 
Gas, 20 [5] 3 (1941); see “Automatic... ,’’ Ceram. Abs., 20 
[6] 189 (1941) ss. 


. Saltpeter as an oxidizer 
in ground enamels holds the metal oxide in a higher oxida- 
tion form and burns out impurities; a uniform color may 
also be obtained by the addition of a metal oxide, iron oxide 
being the simplest. The enamel takes up as much as 20% 
iron oxide from the underlying sheet metal, thus giving an 
irregular coloring; the addition of up to 10% i iron oxide to 
the melt is necessary to make the coloring en 
Radiant-tube enameling. V/. F. Ross. Ceram. Ind., 35 
[3] 66 (1940); Ind. Gas, 19 (6) 3, 4 (1940).—A gas-fired 
furnace with recuperator-type heat exchanger and carbide 
radiant tubes for the enameling of flatware, pressed and 
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drawn shapes, etc., has been installed at the plant of the 


Products Co., Salem, Ohio. See “Enamel- 
Abs., 19 9 [ll 253 (1940). $.S. 
: I. Emerson P. Poste. 


Machine Design 13 [10] 56-58 (i9at) - —P. first describes 
and chemical 


the ph properties of enamel. 
Tests with 100% citric acid and the tion of enam- 


products of the open-hearth furnace with very low C, S, and 
P contents. To prevent warpage, sagging, chipping, hair- 
lining, etc., a sheet which is not too thin should be selected. 
Maximum areas are given for 24-, 22-, and sheet. 

details are described. Enamels for use with 


respectively, by Cast-iron parts. 
Ibid., [12] 77-79, 144, 146.—An average analysis for cast 
iron suitable for is as follows: Si 2.50, Mn 
0.70, P 0.75, S 0.075, total C 3.30 to 3.40, combined C 
0.50 to 0.60, and graphite 2.80 to 2.90%. Si should be 
lower for thicker sections and higher for thinner sections. 
Another helpful formula is as follows: (%Si+%P)/3 + 
C(total) = 4.3%. The structure should be uniform and 
dense. Design details are described which aid in obtain- 
ing uniformity and in preventing warping and hairlining. 


be avoided. The enamel now 
preferred is the hard grade resistant to all acids except 
HF (no Pb is used). Soft enamels are easier to apply and 
are sometimes preferred. Both the dry and wet processes 
are being used. They control the design to a large degree 
(gravity deposition, applicability of rotary tables, etc.). 
Dry-process enamels are several times thicker than wet- 
process enamels, both being thicker than enamels applied 
to sheet metal. See “Chemistry ... ,” Ceram. Abs., 20 
fl) 7 (1941). J.M.N. 
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Making sinks, washbasins, etc. Jacouges STaNniTz 
(Steel Plumbing Wares, Inc.). U. S. 21,997, Jan. 6, 1942 
(Dec. 18, 1940); reissue of original U. S. 1,916,910, July 
4, 1933 (Dec. 7, 1932). é 

Making white clouded enamel. Icnaz Krem. U. S. 
2,267,928, Dec. 30, 1941 (Aug. 21, 1936; Jan. 29, 1941).— 
In a method of producing a gas-clouded vitreous enamel, 
the step of incorporatinz in the enamel batch a compound 
containing cerium in an amount less than 1% of the enamel. 

Tub construction. C. H. Wipman (Murray Corp. of 
America). U.S. 2,269,748, Jan. 13, 1942 (Oct. 19, 1939). 


Glass 


of gases dissolved in glass and gases present 
in Hucu A. SHADDUCK AND ARTHUR VAN ZEB. 
Jour. Amer. Ceram. Soc., 25 [3] 69-83 (1942).—19 refer- 


ences, 12 

of old bottles: aging, weathering, and 
solariza with use and abuse. L. G. GHERING 
AND F. W. Preston. Jour. Amer. Ceram. Soc., 25 (2) 53- 
55 (1942).—6 references. 

Dielectric strength of <r engineering viewpoint. 
E. B. SHanp. Elec. Eng., 60 [8] 814-18 (1941).—The pur- 
pose of this paper is to e the engineer with coordi- 
nated data and informa regarding the dielectric break- 
down of glass which will permit him to apply this insulating 
material more effectively for high dielectric strength. 
Particular attention is given to ‘‘edge effects” and other 


factors which cause wide variations in breakdown volt- 
ages. The data curves included refer mainly to Pyrex 
brand glass, but corresponding data have also been in- 
cluded on porcelain because of the 

cnect of bee oxide and zinc oxide on properties of 
soda-dolomite lime-silica glass. Glass 
Co. Research Laporatory. Jour. Amer. 
Ceram. Soc., 25 [3] 61-69 (1942).—8 references, 19 figures. 

Glass-batch mixing. Wayne E. BROWNELL AND 5. R. 
Scuoies. Jour. Amer. Ceram. Soc., 25 [2] 56-59 (1942).— 
10 figures. 

Glass industry—output expanded to meet demand and 
rearmament. ANon. Index, 21 [4] 88-94 (1941).—A brief 
review is given of the development of the glass industry 


58 
alumina, which will separate out if large quantities are [ERE 
marked degree. e more calcite is added, the less alumina 
; should be present, and as the alumina-bearing constituent 
: is usually the feldspar alone it should be reduced in quan- 
tity. As feldspar is a good preopacifier for white enamels, 
this substitution is made only in ground or colored enamels 
and glazes where opacification is not important. els derived from these tests are described. II, Sheet- 
M.V.C. metal parts. Jbid., [11] 62-65, 126, 128.—Ingot iron and 
Effect of firing treatment on physical properties of dry- , 
process enamels. Perry C. R. R. Dan- 
ELSON. Jour. Amer. Ceram. Soc., 25 [2] 48-50 (1942).—4 
references. 
Effect of set of enamels on hydrometer readings of the 
VOCS ONLENtS Delo OLIO u maxima 
0.025 gm. total solids per sq. in. wetted surface and 0.35 
is mgm. Pb, 1 mgm. Sb, and 1 mgm. F per 10 sq. in. of wetted 
surface. No lead compounds are used. The enamel is ap- 
plied by dipping or spraying. To prevent sagging, the 
sheet must be supported. The enamel should be as thin as 
possible. To obtain 75% reflectance, opaque enamel must 
be 0.012 in. thick, and superopaque enxmel 0.008 in. thick. 
Maxima for these enamels are set at 0.020 in. and 0.015 in., 
however, which is of great importance in the application 
of the cover enamel and influences gloss and adherence to 
batch, however, and clay 
; factors do not apply for 
and must be modified in th fe CONCILION Of Luc MOlding Salud Lalit, 
Anon. Ematlwaren-Ind., 17 [17-18] 47-48 
(1940).—The principal use of pyrolusite in the ename! in- 
dustry as an addition to ground enamels for sheet metal 
is not that of an adhering oxide, because its adhering ac- 
tion is very slight, but rather that of an oxidizing agent. 
It has the advantage of giving off oxygen more slowly than 
saltpeter. Pyrolusite opacifies enamels, makes them dense, 


on the basis of the U. S. Census of 1939. 
Because of the war, imports have been i cur- 
tailed while exports have been expanded. lat- 
est developments within the industry have resulted 
in the opening of new markets. An in- 
crease occurred in the output of building materials, 


optical glass and glass for 

rearmament, such as glass — up stereoscopic 
from aerial photographs, etc M.V.C. 

for mechanical parts. 'ANon. Product Eng., 12 


[11] 617-18 (1941).—Data on glass compositions taken 
from “‘Glass: The Miracle Maker” (Coma {1] 


11 (1942) are 
Glass is y studies reveal. 


Science News Letter, 40 PEE: 320 (1941). 

Glass for ozone. Anon. Ind. Chemist, 16, 97-98 
(1940). pipe manufactured by J. W. Towers & 


SILVERMAN. 


: I-X. B.M. Pearson. Ind. Chemist, ‘16 
{191] 352-56 (1940); 17 [192] 18-21; 
[196] 123-26; [197] 153-55; 


Glassmaking 
314-18; 
200] 223-24 (1941).—P. 


93] 37-40; [195] 96-97; 
[198] 180-85; [199 y 


plate glass industry, and the tableware or decorative glass 
field. Raw materials and their function and use are ex- 
plained. The method of manufacture involving the use 
of highly mechanized equipment is shown, together with 
the important properties of glass, such as strength, vis- 
cosity, ductility, surface tension, etc. The preparation of 
the batch and the melting technique, refractories for the 


Léscuner. Z. 
60 [9] 281-83; [12] 371 (1940) .—Calibrated 
dials of glass instead of m etals for precision instruments, 
especially for angular measurements, were apparently first 
used in 1884 but did not find genera’ use. They are ad- 
vantageous in that glass is much less sensitive to atmos- 
pheric influences than metal, and the diamond can cut 
much finer, more uniform, and straighter lines on glass. 
Furthermore, the readibility in transmitted light is better 
and less fatiguing to the eye. The mounting of ~ \ a 


is briefly discussed. 
Influence of temperature conditions on the of 
plate A. P. Patenxo. Stekolnaya Prom., 14 [1 15 


(1938).—The basic cause of the formation of streaks is 
the heterogeneous distribution of temperature in the pre- 
heating chambers of the Fourcault channel. P. found that 
the higher the temperature of the glass mass in the pre- 
heating chamber, the lower is the streakiness of — iz 


Modern furnace design and operation. S. R. ell 
Presented at Conference on Glass Problems, Univ. of 
(eae Nov., 1941; abstracted in Glass Ind., 22 res 516 
1 
New process for as an art medium. <etnanib 
Laymon. Glass I 22 [12] 518-20 (1941).—The tech- 
nique of Joep Nicolas is based upon the use of flashed 
opaque glass with a fired-in pattern and partially etched 
192 (1941); “Nicolas. ” ibid. ‘21 [1] 4 
Recent research on 
Cc. W. E. Pre- 


sented at erence on Glass Problems, Univ. of Illinois, 


Nov., 1941; abstracted in Glass Ind., 22 [12] 515 tg 
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Recent work on cords. W. B. SttvermMAN. Presented 
at Conference on Glass Problems, Univ. of Illinois, Nov., 
1941; abstracted in Glass Ind., 22 [12] 515 wag | 


iron BRUCKNER AND H. Czyzew- 
SKI. Presented at Conference on Glass Problems, Univ. 
of Illinois, Nov., 1941; abstracted in Glass Ind., 22 a 
A.P 


516 (1941). 
Sources of stones in glass. D. W. Ross. Presented at 
Conference on Glass Problems, Univ of Illinois, Nov., 


1941; abstracted in Glass Ind., 22 (12] 516 aw 
Standardization of laboratory 

BRANDT. Chem. Fabrik, 12 [27-28] 335-36 (1939).— 

The use of Germax standards in Japan is described 


Systematic construction tales for thin cemented ape 
natic lenses. C. D. Brown T. Proc 

Soc. [London], —_. 525 (1941).—The tables give the 
information needed for the construction of aplanatic 
lenses made of only two refracting media, when the object 
is at infinity and when the image is equal in size to the ob- 


ject. A.P. 
Water-hammer in containers. T. C. 
Baxer. Glass Ind., 10) 4 ; [11] 460-74, 485- 
86; [12] 521-24, Fach (1941).—Water-hammer break- 
age of con may occur a heavy ob- 


lower carton and finaly causes the contents to overtake 
the bottoms with a sharp impact. This impact consists 
of (1) a moderate hydrostatic pressure of 35 to 250 Ib. per 
. in. which is at a maximum at the bottom and lasts for 
1/\e,00 Of @ second and (2) an intense local pressure of 
seconds, which is developed by the velocity of the 
water at the point where the cavities collapse. Combina- 
tions of these two produce nine character- 
istic fracture patterns. Accurate tests on water-hammer 
strength of jars are difficult because the testing machine, 
the nature and location of adventitious flaws in the glass, 
and the nature of the contents influence the results. 
Breakage may be reduced by (1) prevention of common 
flaws in the glass, (2) more careful of cartons, 
(3) proper of bottle and carton, (4) upside-down 
packing, and (5 Se 
— uid contents or of pressure. 
diffraction and 
borate te passes. Ropert L. Green. Jour. Amer. Ceram. 
Soc., 25 [3] 83-89 (1942).—11 references, 10 figures. 
Apparatus for 


PATENTS 

fluorescent R. M. 
GARDNER (Hygrade Sylvania Corp.). 2,267,727, 
Dec. 30, 1941 (Jan. 27, 1940).—A ae - g in- 
ternally ‘coated tubes of ‘glass, etc., the machine comprising 
an oven, a series of refractory rollers along the 
bottom of the oven, a series of refractory forks, with each 
tween successive rollers, means for 


handling sheet glass. J. L. Drake 

(Libbey-Owens-Ford Glass Co.). U.S. 2,267,605, Dec. 23, 
giass tubes. G. P. D 

for . Desprer 

(Compagnies Réunies des Glaces et Verres Spéciaux du 

Nord de la France). U.S. 2,267,554, Dec. 23, 1941 (Nov. 


17, 1939). 
Apparatus for of glass threads. WiLneLu 
Esser (Oscar G.m.b.H.). 
U. S. 2,267,019, Dec. 23, 1941 (Oct. 15, 1937). 

Apparatus for glass. PILKINGTON BRos., 
Lrp. Brit. 541,554, . 17, 1941 (July 13, 1939). 


4 
1942 Glass = 
i 
Px OU ind tadic increase OF Drodu on 
of approximately 20% over 1940), plate and sheet glass, 4 
t 
preserved by the glass piping accompanied by ebonite i 
fittings. Illustrated. 
Glasu: today and tomorrow. ALE 4 
| 
glass and predicts future uses. { 
ject is dropped a few fe placed LO 
permit a short downward movement of the jars. This : 
occurs when one carton is dropped upon another in load- ; 
ing and stacking. The sudden acceleration forms cavities ; 
e glass industry, covering ; 
the container or glass bottle industry, the window and ; 
S, insulation, 
the furnace, automatic bottle machinery, and annealing 
and sheet-drawing processes are also discussed. H.E.S. 
raising the forks, and a series of burners between the top 
of the oven and the rollers to direct heat downwardly 
toward the rollers. 
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Building tile cellular glass. H. Havux 
(Pittsburgh Plate Glass Co.). U. S. 288,261, Dec. 30, 
1941 (May 20, —A building block comprising 
fired clay shell and an expanded cellular glass body 
the ‘of the shell and joined to the walls thereof and 


Ceramic . 
1941 (Sept. 19, 1939). —The method of producing ceramic 
marble by means of a glass plate which comprises the steps 
of applying strands upon the face of the plate, applying a 
coat of ceramic color to the plate, the coat being composed 
of a mixture of powdered colored glass and a liquid ve- 
hicle, allowing the coat to partially dry and then removing 
the strands whereby channels are formed in the coat, 
applying a second coat of powdered colored mixed 
with a liquid vehicle over the first coat to the chan- 
nels, the partially dried color of the first coat adjacent to 
the channels blending with the portion of the color of the 
second coat received in the channels to form colored veins 
whose edges blend into the color of the first coat, permitting 
the second coat to dry, and fusing the powdered colored 
glass onto the glass plate for causing it to become a per- 
manent part thereof. 

Ceramic-to-metal seals. British THomson-Houston 
Co., Ltp. Brit. 540,991, Nov. 19, 1941 (July 14, 1939). 

Drive “8 go machines. WALTER WINN. 
U. S. 2,266, Dec. 23, 1941 (Feb. 28, 1938). 

Electric furnaces ble for elting. 
Txomson-Houston Co., Lrp. (J. Ferguson). Brit. 541,- 


033, Nov. 19, 1941 (Jan. 31, 1941). 

Glass article me G. L. Curry anp 
A. N. Smita (Corning Glass Works). Can. 401,490, Dec. 
16, 1941 (March 27, 1940; in U. S. April 14, 1939). a 


Glass article Woks. apparatus. WALTER C. WEBER 
heawas Glass Works Can. 401,491, Dec. 16, 1941 
(May 8, 1940; in Fe June 7, 1939). CMH. 

an apparatus. D. RAY 
(Corning Glass Works). Can. 401,486, Dec. 16, 1941 
in U. S. March 3, 1938). G.M.H. 
Glass furnace. S. A. ForTER (Forter- Teichmann Co.). 
U. S. 2,268,546, Jan. 6, 1942 (Oct. 6, 1938). 

Glass furnaces. W. E. Evans (O'Neill European Ma- 
chine Co. of Montreal, Canada). Brit. 541,111, Nov. 26, 
1941 (May 7, 1940). 

Glass machine and method of making GEORGE 
Rogssier. U. S. 13, 1942 (Oct. 8, 1936). 


a . F. Goopricu 
Works) 296. Dee. 23, 1941 (Aug. 30 


Glass strand | apparatus. Epwin J. FIsHer 
Fiberglas Canada, Ltd.). Can. 400,986, Nov. 25, 1941 
uly 31, 1939). G.M.H. 

wall and method of construction. G. J. 

Easter (Carborundum Co.). U. S. 2,269,445, Jan. 13, 

1942 (May 14, 1938). 
Glass-tem bath. Ra.tpn K. Day (Corning Glass 

Works). Can. 401,488, Dec. 16, 1941 (June 13, 1939; in 

U. S. June 22, 1938). G.M.H. 
Glassware-blowing mechanism for forming hollow glass 

articles. E.G. Brincrs. Brit. 541,440, Dec. 10, 1941 


lass 
ware lehr. D. G. Merrit (Hartford-Empire 
Co.). S. 2,268,609, Jan. 6, a (July 8, 1939). 
machine. J. WwW JUVINALL AND W. B. 
Wines (Western Electric Co., Inc. ). U. S. 2,267,108, Dec. 
23, 1941 (Oct. 4, 1939).—In a glassworking machine, com- 
plementary mold members cooperating to provide a mold 
cavity, cooperating clamping jaws for centering and hold- 
ing a glass tube within the cavity, means for closing the 
mold members, and means rendered effective by the closing 
of the mold members for closing the clamping members. 


Glass-yarn producing apparatus. MODIGLIANI 
(Fiberglas Canada, Ltd.). Can. 400,985, Nov. 25, 1941 
(Oct. 28, 1938). G.M.H. 


Heat-resisting mirror. R. E. RicHarpson (Duplate 
Safety Glass Co. of Canada, Ltd.). U.S. 2,268,168, Dec. 
30, 1941 (Nov. 21, 1939).—The method of making a heat- 


resisting mirror which comprises forming an aluminum 
reflecting surface on glass having a low coefficient of ex- 
pansion, coating the reflecting surface with a mixture of 
particles of vitreous enamel having a coefficient of expan- 
sion higher than that of the glass but fusible at a tempera- 
ture low enough to avoid injury to the reflecting surface 
and which when vitrified is substantially inert to alumi- 
num and of particles of quartz of a size at least below 200- 
mesh having a coefficient of expansion lower than that of 
the glass but infusible at or near the temperature of fusion 
of the first-mentioned material and substantially inert to 
aluminum, and subjecting the glass so coated to a tem- 
perature sufficient to cause fusion of the first-méntioned 
material. 

Hermetic sealing of metal into vitreous materials. 
Sremens Evecrric Lamps & Supp.ies, Lrp., J. N. At- 
DINGTON, AND A. J. Meapowcrorr. Brit. 541,208, Dec. 3, 


1941 (Feb. 15, 1940). 
Insulator press. Water C. Weper (Corning Glass 
Works). Can. ‘st Dec. 16, 1941 (March ‘oat in 


Laminated safety glass and process 
Ryan (Libbey-Owens-Ford Glass Co.). U. 
Dec. 30, 1941 (March 12, 1938). 

Machine for molding glass articles. R. G. ALLEN 
(Owens-Illinois Glass Co.). U. S. 2,269,391, Jan. 6, 1942 
(Apel 7, 1939). 


aking colored sheet J. H. Fox (Pittsburgh Plate 
Giass Co.). U.S. — 7, Dec. 30, 1941 Pas a 15, 1937). 
M CUNNING- 


an ed glassware. A. J. 
Sharpe). mu. S. 2,269,010, Jan. 6, 1942 (Oct. 

Metal-to-glass seals. Grnerat Evecrric Co., Lrp., 
R. L. BREADNER, AND R. W. Dovuctas. Brit. 540,742, 
Nov. 12, 1941 (April 26, 1940). Sranparp TELEPHONES 
& Cases, Ltp., anp C. Stracuey. Brit. 541,381, Dec. 
10, 1941 (May 24, 1940). 

Method and apparatus for the continuous manufacture 
of tubes of glass. Compacnies R&UNIES DES GLACES ET 
VerrREs Sp&éc1aux Du DE LA France. Brit. 540,759, 
Nov. 12, 1941 (Nov. 19, 1938). 

Method and apparatus for ening sheets of glass. 
B.I.G. Securities, Lrp. (R. joti). Brit. 541,049, 
Nov. 26, 1941 (May 8, 1940). 

J. C. Hosrerrer 


(Corning Glass Works). 401,489, Dec. 16, 1941 
(Jan. 12, 1939; in U. S. Feb. 7, 1939). G.M.H. 

finely comminuted oxides. DAN McLAcHLan, 
Jr. ( ing Glass Works). U. S. 2,269,059, Jan. 6, 1942 
(May 14, 1938).—The method of preparing finely divided 
oxides which includes dissolving a hydrolyzable com- 
pound in a nonaqueous liquid medium comprising at 
least ene liquid in which water is substantially insoluble, 
the concentration of the compound per 500 cc. of solvent 
being not less than the equivalent of 1 mol of the oxide, 
introducing into the solution slowly and with agitation an 
amount of water which is substantially the stoichiometric 
quantity necessary to convert the compound to the oxide, 
the concentration of the water being not less than that of 
the compound, and thereafter separating the oxide by fil- 
tration. 

Prod vitreous silica articles. J. A. HeEany (Heany 
Industrial Ceramic Corp.). U.S. 2,268,589, Jan. 6, 1942 
(July 7, 1934).—A method of producing vitreous, translu- 
cent, nonporous silica articles of high strength and density 
which comprises forming and firing an article composed of 
a reactive, readily vitrifying, finely divided silica obtained 
by the decomposition of gaseous silicon compounds, the 
firing being carried out at a temperature above 1200°C. 
but below the fusion point of silica. 

Production of safety glass. A. TILLYER AND BRITISH 
InpEstructo Grass, Ltp. Brit. 540,734, Nov. 12, 1941 
(April 25, 1940). 

ector and process of manufacture. W. O. LyTLe 
(Pittsburgh Plate Glass Co.). U. S. 2,268,258, Dec. 30, 
1941 (July 15, 1939).—A process of manufacturing a re- 
flector which comprises forming a suitable legend in a 
vitreous enamel on the inner smooth surface of a tempered 
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of the tempered glass plate in and about the legend, ac- 
hering a backing member to the coated surface of the glass 
plate inte eoustt the medium of an intermediate reinforcing 
layer of synthetic resin, and subsequently fracturing the 


glass plate. 
or mineral wool manufacture. C. L. Savince 
(Onie Insulation Co.). U. S. 2,260,231, Jan. 6, 1942 


(March 8, 1937). 

and ceramic material er. EpMUND 
Lépp (C. A.-G.). U. S. 2,268,666, Jan. 6, 1942 
(Jan. 27, 1939). 


Sheet we forming machine. J. L. Pm. 
Roescu (Libbey-Owens-Ford Glass Co.). U. S. 2,267,604, 


Dec. 23, 1941 uy 17, 1937). 

Take-out orming machines. G. B. 
LANGER U. S. 2,268,075, Dec. 30, 1941 
(Sept. 24, 1938). 

atticle. J. B. Mrrrorp (American 
. S. 2,269,597, Jan. 13, 1942 (Jan. 4, 1937). 

Tem hollow glass articles. J. B. Mrrrorp 
(Corning G Works). U. S. 2,269,060, Jan. 6; 1942 


Translucent insulating buil block. L. W. Mut- 
ForD. U. S. 2,269, "~ 7. 6, 1 (March 21, 1938). 

Uniting laminas form laminated ADOLF 
KAMPFER. US. 2,268,480, Dec. 30, 1941 ( . 12, 1938). 


Structural Clay Products 


Selecting bonds in ANON: Amer. 
Builder, 63 a 73, 114-16 (1941).—The effect of dif- 
ferent bonds on the strength, appearance, and cost of brick 
walls is discussed, and the different bonds are classified by 
the relation between headers and stretchers and by the 
methods of breaking the jcints. S.S. 


SEPARATE PUBLICATIONS 


Dimensions of Building Brick. British Standard 
Specification No. 657—1941. British Standards Inst., 
London. Price 1s.—The earlier standard specification has 
been extended to include all brick. Such brick 
shall be 8*/, in. long, 4*/s6 in. wide, and either 2°/, in. or 
2’/s in. thick. Where costly modifications in a 
ing plant are necessary to provide brick of the sizes speci- 
fied, the existing sizes may be continued until the needed 
alterations have been made. Apart from this, conformity 
to the standard dimensions becomes operative immedi- 
ately. The specification does not apply to brick made in 
Scotland. A.B.S. 

Effect of Outdoor Exposure on the Water Permeability 
of Masonry Walls. Cyrus C. Dovcras E. 
PARSONS, AND Perry H. Perersen. Nat. Bur. Standards 
Bldg. Materials and Structures Rept., BMS76, 19 pp. (Aug., 
1941). Supt. of Documents, Govt. Printing Office, 
Washington, D. C. Price 15¢—The water permeabilities 
of about 100 smail masonry wall specimens were measured 
before and after exposure to the weather at Washington, 
D. C., for a maximum period of 3 years. Some of the more 
permeable walls had been waterproofed before exposure, 
and the durability of the waterproofing treatments, as 
well as the structural appearance and condition of the 
walls, was also determined. The exposure did not have 
an important effect on the permeability of all-brick or 
brick-faced walls 8 in. or more in thickness. The per- 
meability of stucco-faced walls was slightly increased. 
Repointing of the face joints was the most effective and 
durable waterproofing treatment. R.A.H. 


Strength, Absorption, and Resistance to Laboratory 
F and Thawing of Building Brick Produced in the 
United Joun W. McBurney anp Josera C. 
Ricumonp. Nat. Bur. Standards Bldg. Materials and 
Structures Rept., BMS60, 56 pp (Nov., 1940). Supt. of 
Documents, Govt. Printing Office , Washington, dD, C. 
Price 15¢.—This report gives the compressive and trans- 
verse strengths, water absorptions, saturation coefficients, 
and either the number of cycles of freezing and thawing 
required to produce failure or the loss in weight after 51 
cycles for 3368 building brick representing 525 gradings 
produced by 209 manufacturers. Average results for all 
tests except freezing and thawing are given for an addi- 
tional 197 gradings or a comprising a total of 
1190 specimens. These 197 gradings include samples 
from 20 additional manufacturers. R.A.H. 


PATENTS 


Glazed buil block. E. S. Guienon, Jr. U. S. 
2,269,018, Jan. 6, 1942 (Feb. 19, 1940). 

Treating clays. G. J. BARKER AND Emit Trvoc (Wis- 
consin Alumni Research Foundation). U. S. 2,268,131, 
Dec. 30, 1941 (April 6, 1938).—In the manufacture of 
brick, etc., formed by the stiff-mud process from a clay 
mass sufficiently stiff so that it does not run under the 
influence of gravity, that improvement which comprises 
incorporating in the clay mass a basic material from the 
group consisting of the hydroxides and carbonates of the 

metals and ammonia in an amount such that at 
least 10% of the base-exchange capacity of the clay mass 
is saturated with basic constituents from the group con- 
sisting of the alkali metals and ammonia and further 
limiting the quantity of the basic material incorporated 
in the clay mass to an amount which gives the clay mass a 
pH within the range 6 to 8.5 for acid clays and within the 
range 7.3 to 9.5 for nonacid clays. 


Refractories 


Aluminum alloys—their possibilities of future develop- 
ment. EINERL AND Neuratu. Chem. Age [London], 45 
[1166] 237-39 (1941).—The raw material used for th: 
production of aluminum consists almost entirely of bauxite 
(containing about 55 to 65% AlOs, approximately 28% 
Fe,0;, up to 4% SiOz, and 12 to 30% water); about 4 tons 
are necessary to produce 1 ton of aluminum. The world 
Production of bauxite in 1938 was as follows: France, 
680,000; Italy, 380,000; Germany, 90,000; Balkan 
states, 1,000,000; Russia, 250,000; the U. S., 430,000; 
and British and Dutch Guiana and the Dutch East Indies, 
1,000,000 tons. About two thirds of the bauxite mined is 
utilized for making aluminum for refractories and alumina 
cement; the remaining third is used by the oil- as 
and chemical industries. B.S. 

Aluminum from western alunites. FRANK _ i 
BERGER. Mining Congress Jour., 27 [11] 37-39 (1941).— 


The Kalunite process is adapted to treat not only alunite 
but also high-alumina clays and high-silica bauxites. The 
alunite is dehydrated and treated with H,;SO, and K»SO, 
to form potash alum. This step is for purification. The 
potash alum solution is autoclaved at 200°C. and 250 Ib. 
per sq. in. to give a basic potassium aluminum sulfate 
analogous to alunite. This sulfate is ignited to drive off 
sulfur oxides, and the K,SO, is then leached out with 
water. Aluminum produced from this alumina com- 
pares well with other aluminum. clays 
be the future source of aluminum. See “N a 
Ceram. Abs., 21 [1] 15 (1942). “WDP.’ 
Coke-oven refractories. W. C. Ruscxer. Amer. Gas 
Assn. Proc., 21, 567-72 (1939); reprinted in Refrac. Jour., 
17 [7] 239-52 (1941).—Silica brick allows higher coking 
rates because higher flue temperatures can be employed 
and its conductivity is higher than fire-clay brick. The 


glass plate provided with an outer figured surface, heat- | 
| 
(Nov. 2, 1939). 
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“Silica, brick 
brick 
hes a 
Oven 
settlement of foundations, growth of brick in service, re- 
action between ash in coal and oven lining, poor operating 
practices, and expansion stresses due to variations in 
ture. See Jour. Amer. Ceram. Soc., 21 [10] 
354-60 (1938). S.S. 
furnaces for commercial work. 
Wapemar Navyjoxs. Heat Treating Forging, 27 [5] 
222 (1941).—Standard firebrick shapes for fur- 
naces are listed. The hearth should have 2'/, in. of in- 
sulating firebrick on steel plate with 4 to 6 in. of rammed 
plastic magnesite or chrome plastic. The walls should 
be at least 9 in. thick, oaatie 13'/, in. The outer 4'/; 
in. should be insulating firebrick tied with firebrick headers 


hy 
largely on “the cost of different fuels. Systematic inspec- 
tion reduces the need for major repairs. The temperature 
head between the furnace and the metal varies with the 
metal being heated. General suggestions are given for 
furnace construction. See “Stainless .. ., “Ceram. Abs., 
18 [8] 218 S.S. 


as basis of steel metallurgy. 
ORBER AND WILLY OkLsen. Siahl & 


60 [42] 921-29; [43] 948-55 (1940).—The importance of 


phase is emphasized, and ternary di are 
given, ding CaO-—SiO,—Al,0,;, wert (both 
at several temperatures), CaO-SiO, + FeO, CaF», 


or MgO at 1600°C., and FeO-CaO-P,O; at 1600°C. 
Examples for evaluating the data for the steel process are 
given. J.M.N. 
Making aluminum from clay. ANon. Science News 
Letter, 40 [21] 332 (1941).—In a new process for the 
manufacture of aluminum from clay, selected high-silica 
clays are used. The clay is digested with hydrochloric 
acid, and the resulting product is decomposed to obtain 
aluminum oxide. G.A.K. 
mortars for coke ovens. V.A. Bron. - 
pory, 8 [5-6] se (1940).—Mortars of sufficient 
manufactured from Bilimbaevskii quartzites. The mortars 
are mixtures of powdered Bilimbaevskil quartzites, Troi- 
banovskii clay, and fired silica with or without the ad- 
mixture of dustlike quartz, chalk, and soluble glass, de- 
pending on the coke-oven zone in which the mortars are 
to be used. M.V.C. 
Sagger mixes from Ural raw materials. R. I. Rozen- 
BERG. Keram. Sbornik, No. 14, pp. 21-25 (1941).—Ex- 
periments in the production of sagger mixes from differ- 
ent raw materials found in the Urals are described. See 
“Selecting ...,"” Ceram. Abs., 20 217 (1941). M.V.C. 
Selecting refractories for gas-fired ind furnaces. 
J.J. Orrutr. Heat Treating & Forging, 27 [7] 351 (1941). 
—A first-quality drebrick is satisfactory for the major 
ion of most furnace linings. Special grades are used 
in areas where unusually severe conditions exist. Super- 
duty brick is used for high temperatures, special hard- 
fired superduty brick for high temperatures and abrasive 
action, and high-alumina brick for higher temperatures. 
Insulating firebrick can be used in direct contact with the 
flame. The effect of furnace atmosphere on refractories 
must be considered. S.S. 


spinel R. F. MATHER. 
Jour. Amer. m. Soc., 25 [3] 93-96 (1942).—8 refer- 
figures. 


ences, 4 


SEPARATE PUBLICATION 


Blast-Furnace Cement. British Standard S 
tion No. 146—1941. British Standards Inst., 


Price 2s net.—This is the third revision of the standard 


Vol. 21, No. 3 


specification, first issued in 1923. The cement consists of 
—_ mixture of Portland cement, clinker, and granulated 
blast-furnace slag in any desired proportions but not ex- 
ceeding 65% of slag. The following tests are included: 
(a) Fineness: The residue on a British Standard Sieve 
No. 170 shall not exceed 10%. (6) Composition: The 
composition of the cement clinker present shali conform 
to that of the current British Standard Specification for 
Portland cement. The blast-furnace cement shall show 
less than 1% insoluble residue, less than 5% magnesia, 
less than 2% sulfuric anhydride, less than 1.2% sulfur 
present as sulfide, and less than 3% loss on ignition. 
(c) Strength: The ultimate tensile stress of a mixture of 1 
part of cement and 3 parts, by weight, of standard sand, 
gauged with a suitable proportion of water, after 3 days 
and 7 days shall not be less than 300 Ib. per sq. in. and 
375 Ib. per sq. in., respectively. The compressive strength 
test may, at the request of the purchaser, be substituted 
for the tensile stress test. In that case, the compressive 
strength of 2.78-in. cubes of the cement-sand mixture with 
exactly 10% of water shall not be less than 1600 lb. per 
sq. in. after 3 days or less than 2500 Ib. after 7 days. The 
paste used and the cubes made from it must be molded, 
vibrated, and stored under conditions which are described 
in detail in the specification. (d) Setting time: The initial 
setting time, when tested with a Vicat apparatus, shall not 
be less than 30 min., and the final setting time shall be not 
hr. For quick-setting cements, the initial 


. Soundness: 
hatelier method, as before. A.B.S. 


§ 


PATENTS 


Coated refractory R. E. Boorn anp 
Joserx Scorzoni (General Electric Co.). U.S. 2,269,176, 
Jan. 6, 1942 (June 26, 1940).—A container suitable for use 
with molten aluminum, etc., comprising a carbon-bonded 
silicon carbide receptacle having a vitreous coating on the 
outside surfaces which are in contact with the surrounding 
atmosphere during the heating thereof, the coating being 
capable of effectively protecting the receptacle from oxida- 
tion thereof and consisting of 40 to 60 parts by weight of 
flint and about 57 parts by weight of a fused inorganic 
binder comprising a fused mixture of an inorganic enamel, 
ball clay, borax, <a and tin oxide. 

-mold GERHARD BEHRENDT (August Thys- 

fitte A.-G.). U.S. 2,266,734, Dec. 23, 
1939) An “a9 -mold lining for casting heavy steel i 
suitable for repeated use, including a thin lining body 
fractory material, the material being composed of a mix- 
ture of ins of fired chamotte, fresh clay, and quartz 
with different sizes sintered to a high strength to resist 
the mechanical action of the casting material, the ex- 
pansion coefficient of the different composite parts of the 
refractory material behaving oppositely under heat so that 
expansion and contraction do not occur during drying and 


casting. 

Refractory. N. P. Prrt, A. C. HALFERDAHL, AND F. E. 
Latue. (Canadian Refractories, Ltd.). U. S. 2,270,220, 
Jan. 13, 1942 (April 1, 1937).—A method of producing an 
improved refractory from natural chrome ore which com- 
prises mixing with the chrome ore lime sufficient sub- 
stantially only to convert free and combined silica in the 
mixture into dicalcium silicate and firing the mixture at a 
temperature in excess of 2600°F. 

brickwork. W.R.McLar. U.S. 2,266,785, 
Dec. ~ 1941 (Aug. 10, 1939).—In a refractory brickwork, 
a pair of opposed rows of contacting substantially identical 
rectangular brick similarly disposed in alignment, whereby 
the surfaces of the brick of each row are substantially flush, 
a similarly formed and disposed pair of opposed rows of 
brick in contact with but staggered with respect to the 
first-named pair of rows, the contacting faces of the brick 
of each row having opposed rectangular recesses, thereby 
providing a keyway between four brick forming a pair of 
rows and extending at right angles to the rows, and a 
rectangular key disposed in the keyway. 


superduty fire-clay brick laid with high-temperature 
cement. Arches may be plastic firebrick or regular fire- 
brick, 6*/, to 9 in. thick; they may be of the bonded 
setting time shall i 
setting time more is 


anp D. S. Hake (Titanium Alloy Mfg. Co.). U. S. 
2,267,772, Dec. 30, 1941 (July 20, 1939 ‘—A refractory 
tion comprising zircon, a minor tity of a 
fluosilicate, and a minor quantity of a ma Sabea: foam 
the class consisting of phosphoric acid and zirconium 


Refractory nozzle. W. S. DesenHAM AND W. R. 
McLain. U. S. 2,268,279, Dec. 30, 1941 (Sept. 12, 1939). 
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alumina from with which comprises 
forming a mass of y into coarse granules 
of substantially ap a pit substantially less than 
5 mm. in diameter, calcining the granules at a temperature 
ranging from ebout 600° to 800°C. under conditions of 
direct heating, whereby the cores of the granules are 
rendered acid soluble but acid-insoluble incrustations are 
formed on the granules, then rupturing the incrustations 
by passing the granules between rolls set at a distance 
apart which is only slightly less than the size of the 
granules and without substantial reduction in the size of 
the granules, forming a bed of the coarsely crushed 
granules and passing an acid leach liquor through the bed, 


GINSBERG ( Goldschmidt Corp.). 2,267,490, wh eatraction rates end 
Dec. 23, 1941. (Oct. 31, 1988).—In fom efficiencies are obtained 
Whiteware 


Ceramic cast masses, 1914-1939. FoLKE }ANDFORD. 
Tek. Samfund. Géteborg. Avd. Kem. eo pp. 189-204; 


abstracted in Chem. Zentr., 1940, I, 2800.—S. reviews 
the manufacture and properties, the measurement of the 
viscosity, and physical and chemical of ceramic 


cast masses and the causes of the appearance of casting 


flaws. M.V.C. 
Ceramic dia eable to water. Z. I. Giv- 
SHANOK. Keram. 


tk, No. 13, Pp. 48-51 (1941).—The 
use of bentonite as bonding rg wobeadt mixes with a high 
grog content is recommended because porous bodies of 
high mechanical strength are obtained. The composition 
is special grog 80, bentonite 10, and clay 10%. The 
diaphragms should be cast in a gypsum mold. The slip 
should be liquefied with tannin (0.5%). M.V.C. 

Ceramic materi~ls. H. THURNAUER. 
Eng., 59 (11) 451-60 (1940).--T. reviews the prepara 
and the properties of electrical porcelain, high yaw 
insulating materials, glass for electrical purpose., a 
and vitreous enamels. 20 references. 

Character of melting of feldspar. N. M. rk 
Keram. Sbornik, No. 14, pp. 34-36 (1941).—The dect..se 
in the specific gravity of porcelain in the interval between 
1000° and 1100° is greater than 
in the specific gravity of feldspar. The process of vitrifica 
tion, accompanied by a considerable lowering of specific 
gravity, ends at about 1200° for porcelain; the specific 
gravity of porcelain decreases little in the temperature 
interval from 1200° to 1300°. The process of vitrification 
of feldspar proceeds intensively to 1300°. In the interval 
between 1300° and 1400°, the > ae Be gravity of feldspar 
remains unchanved while that of porcelain diminishes 
greatly. M.V.C. 

Composition of high-voltage porcelain from Ural raw 
materials. I. Ya. YurcHAK, I. M. TrkHoMIPOv, AND Z. I. 
Keram. Sbornik, No. 14, pp. 13--20 (1941).— 
Various attempts to manufacture high voltage porcelain 
ware from Ural raw materials are described, and the 
composition of some of the mixes prepared is “— a 


Control of porcelain firing in tunnel kilns. G. A. 
Kovetman. Keram. Sbornik, No. 13, pp. 1-10 (1941).— 
To achieve satisfactory results in firing porcelain and 
insulators, a complete thermal control of the basic factors 
affecting the conditions and gas atmosphere 

ependence o f shrinkage an 0 ware 
partic) 2s present in the ware. 
G. L. Erremov anp A. M. Axuyan. Keram. 
No. “8 pp. 10-21 (1941).—The cme-sided pressure that 
bodies undergo during tectological working is dependent 
upon the character of the distribution of structural ele- 
ments (mineral particles, pores, and water) in the bodies. 
The basic character o! porcelain bodies is the fluidal 
structure (structure of flow) which is dependent upon the 
distribution of mineral particles in space. During working, 
the structural elements <end to lie perpendicular (of the 
long axis) to the mechanical pressure exerted upon them. 


Particles of kaolin have a scaly appearance. Sericite and 
hydrophilite found in large amounts in clays and kaolins 
have particles of the same character. Grains of quartz 
ance. The orientation of particles during casting is due to 
osmotic pressure occurring in the slip because of the ab- 

mold. The structural 
elements are distributed perpendicularly to the osmotic 


pend on the degree of homogeneity of the body structure. 
Homogeneity, on the other hand, depends Ze the method 
of shaping and the degree of working. shrinkage of 
porcelain bodies depends on a series of factors, chief of 
which are as follow: (1) dehydration of kaolin, (2) degree 
of mullitization of the body, (3) degree of melting of 
easily fusible admixtures penetrating the body pores, and 
oe size, shape, and distri distribution 


produce This phenomenon depends 
elements, 


Dimensions of porcelain products. N. M. 
Cuervinskil. Keram. Sbornik, No. 15, pp. 17-19 (1941).— 
Observations on the shrinkage of a in body in de- 


pendence on temperature and duration of firing are briefly 
analyzed. M.V.C. 
Fi characteristics of insulators from Ural and 


raw materials. 

Sbornik, No. 15, pp. 9-16 (1941). —Preliminary tests showed 
that insulator bodies made from the Ural raw materials 
tend to swell less than those produced from Ukrainian 
raw materials and are thus less difficult to fire. To obtain 
high-grade porcelain, the bodies must be fired during 
vitrification in a reducing atmosphere. M.V.C. 

Nepheline-syenite in hotel chinaware bodies. C. 
Koenic. Jour. Amer. Ceram. Soc., 25 (3) 90-03 (1942).- 
5 references, 6 figures. 

electrotechnical WwW eram. Rund- 
schau, 48 [45] 371- [47] 394-96; [48] 403-404 (1940). 
—R. surveys the development during the last 10 years and 
the present status of ceramic insulating materials for all 
types of insulators, supports for coils, transformer wind- 
ings, etc., bushings, and tubing. As in the case of metallic 
materials, the surface quality is of great importance with 
regard to the physical and mechanical properties, and fine 
cracks or other surface defects of porcelain or glass bodies 
must be avoided as the surface quality determines their 
mechanical strength. The glaze is of utmost importance 
as it increases the compressive strength and the resistance 
to sudden temperature changes of porcelain. The diclec- 


ductivity are ~’scussed as t on shape, and tests 
made to elucidate distribution of the electric field, ion 
migration, and dielectric losses are described. Disturb- 


1942 | 
Refractory castings for glassmaking and other apparatus. 
R. Happan (Corning Giass Works). Brit. 541,544, Dec. 
10, 1941 (March 27, 1941). : 
Refractory and method of - EUGENE WAINER 
if 
pressure, i.e., parallel to the walls of the gypsum mold. 
Bodies drawn through a press possess a homojyeneous struc- 
ture. Deformation and cracking of porcelsin bodies de- : 


properties of high-voltage porcelain. 
N. M. Cuervinsxil. Keram. Shornik, No. 13, pp. 21-28 
(1941).—The optimum temperature interval Mi firing 
(oat — insulators is from 1300° to 1320°C. At these 
temperatures, the temporary resistance to pressure reaches 
322 kgm. per sq.cm. The resistance to pressure drops to 
253 kgm. “pm sq. cm. at 1380°. The optimum duration of 
firing a finishing temperature (1300°) is Shr. The 
and of the quarts crystals and the of 
and crystallization are of importance in addition 
to the amount of and mullite present in the porcelain 
is also important as it influences the 
. C. concludes whey for 
properties, the porcelain should con- 
tain amounts of argillaceous materials and less feld- 
spar should be tay at higher temperatures. Increase 
of the finishing firing is of little avail as 
the basic changes in the body take place during the first 
5 or 7 hr. of firing (at 1300°). M.V.C. 


tus for man pottery. W. J. MILLER. 
70,076, Jan. 13, 1942 . 4, 1939). 
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ceramic ware and method of making. W. E. 
Patmer (Taylor, Smith & Taylor Co.). U. S. 2,270,081, 
Jan. 13, 1 (Feb. 16, 1939).—As a new article of com- 
merce, ceramic ware which comprises a fired ceramic body, 
an opaque colored glaze on the ceramic body, and a differ- 
ently colored pyrochemical reaction product under and 
combined with portions of such glaze to form for such ware 
a poe he of the underglaze type 
ethod and for > pottery ware. 
wh U. S. Jan. 6, 1942 (Sept. 21, 
1937). U.S. 2,270,075, jan. 13, 1942 (Nov. 12, 1938). 
Spark plug. F. J. Bout (Globe-Union, Inc.). U. S. 
2,269,076, Jan. 6, 1942 (May 20, 1940). T. G. McDoucaL 
(General Motors Corp.). U. S. 2,267,571, Dec. 23, 1941 
(July 27, 1940). G. M. Pautson. U. S. ,269,682, Jan. 
13, 1942 (June 15, 1940). U. S. 2,269,683, Jan. 13, 1942 


(Nov. 23, 1940). 
Ortro C. Roupe (Champion Spark Plug 
Co.). Can. 401,147, Dec. 2, 1941 (May 18, 1939; in U. S. 
Feb. 13, 1936). G.M.H. 
Cc. B. Sawyer (Brush 
U 903, Jan. 6, wg (April 30, 1940).—A spark- 
plug insulator composed of high-purity beryllium oxide 
ving an apparent bulk density not in excess of about 
ann the insulator being characterized by high thermal 
conductivity and a softening point above about 2000°C. 
Talc-con' ceramic 


com D. Hacar. 
Brit. 541,695, Dec. 17, 1941 (Aug. 10, 1939). 
Water closet. J. R. Evans (Ne-Flex Mfg. Co.). U.S. 
2,268,377, Dec. 30, 1941 (Dec. 31, 1940). 


Equipment and Apparatus 


Brewsterian angle and refractive indices. A. H. Prunp. 
Jour. Optical Soc. Amer., 31, 679-82 (1941).—A procedure 
based on Brewsterian angle measurements yields refrac- 
tive indices with uncertainties in the third decimal place. 
Errors due to surface films may be eliminated by making 
measurements only on freshly ground and polished sur- 
faces. The procedure is applicable to black materials and 
has no upper limit. A.P 

Colorimetry and its use in the evaluation of the white- 
ness of and faience products. M. V. IvaANov. 
Keram. ik, No. 14, pp. 36-42 (1941).—The theoretical 
background of colorimetric measurements is given, and 
their application in the measuring of the color 4 ceramic 
ware is discussed. M.V.C. 


ding 

and other high-resistance electrode systems. C. J. 
NTHER, F. B. RoOLFson, AND Louis Ind. 
Eng. Chem., Anal. Ed., 13 [11] 831-34 (1941).—A full- 
range, sensitive, low-current drain, continuous-reading 
electronic voltmeter is described. The meter has a range 
of +2.11 volts and a sensitivity of +0.001 volt over the 
entire range. It has been designed for the accurate de- 
termination of potentials of electrode systems having a 

resistance of 5000 megohms or less. ee. on 
Determination of cloth area for industrial air filters. 
C. E. T. Hatcu, L. GREENBURG. Heating, 
Piping & Air Conditioning, 12 [4] 259-63 (1940).—The 
of cloth required is determined by the rate of air flow 
(cu. ft. per min.) and the rate of filtration required. The 
filtering velocity usually falls between 1.5 and 5.0 ft. 
per min., 3.0 being the most common value. The 
maximum filter resistance is usually held to 3 in. water 
gauge. The particle size of the dust, the porosity of the 
deposit on the filter, and the loading of dust are equally 
important factors. A resistance equation is given to cor- 

relate these factors. S.S. 
Determination of the ty of filters. H. WitzMann. 
Chem. Fabrik, 12 [29-30] 345-53 (1939).—The porosity of 
filters is measured by different methods using gases and 
liquids. Methods of calculation are given, and the results 
for filters made from given materials using the different 
media are compared. The grain size of filters used varied 


between 260 and 17 », and the size of the pg 
pores varied between 100 and 134. See‘ 
Ceram. Abs., 21 [1] 28 rey MN. 
operated gun. A. F. Morcan. Iron 
& Steel, 14 (1) 12-13 (ie. —The gun is suspended from 
a boom mounted on a column; it is adjusted to the plug- 
ging position by a hand-operated wheel, and remote con- 
trol enhances safety. The ta y ey hole of a blast fu-nace 
can be plugged against the flow of iron without reducing 
the pressure of the blast. The entire plugging operation 
requires only 15 sec.; as no time is allowed for the clay 
to harden, a greater amount can be introduced. A normal 
charge is 6 cu. ft., but the gun has a capacity of 10 cu. ft. 
A scale graduated in cubic oe t indicates the amount used. 
E.H.McC. 
Electrostatic electron microscope and some applications 
to colloid chemistry. H. Mant. Kolloid-Z.,91 [2] 105-17 
(1940).—The electrostatic electron microscope developed 
by M. in the Research Department of the Allgemeine Elek- 
trizitats-Gesellschaft is described. The apparatus is 
marked by great simplicity of construction and operation. 
On account of the electrostatic method of operation, the 
instrument is very little affected by variations in voltage, 
as shown by tests with pulsating current. The limit of 
resolution of the apparatus lies below 8 to 10 mu. The use 
of a double projection lens makes it possible, even though 
the focal length is kept constant, to employ three degrees of 
enlargement on the same screen, of which the smallest en- 
largement serves for a survey. Special construction of the 
object holder permits the tipping of the object through a 
definite angle, so that stereoscopic pictures may be taken, 
Experimental examples of the possibilities of the applica- 
tion of the instrument to colloid chemistry are given. 
W.H.H. 
a calorimeter. A. A. MARKSON AND Y. A. 
OLSON ombustion, 12 [11] 51-55 (1941).—The flashing 
calorimeter is a new instrument for indicating and record- 
ing the composition of very wet steam or other very wet 
vapor-liquid mixtures. It was developed to meet the 
specific need for a simple device capable of giving informa- 
tion on the composition of steam and water mixtures 
existing in boiler circuits under various conditions of opera- 
tion. As such, it has already proved its value in several 


i 
64 
i ances in radio transmission can be caused by insulators of 
high electric field strength (pin insulators). 20 — 
: Properties of ware vs. thermal history: I, Tests on 

vitreous china bodies and ware. J. H. Koenic. Jour. 

Amer. Ceram. Soc., 25 [2] 33-40 (1942).—17 references, 8 
| figures. II, Tests on china bodies and ware. 
Ibid., . 41-48.—10 figures. 
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investigations of circulation in connection with top er 
trouble in sectional-headec boilers. It is capable of 
furnishing data on the variation of quality of the mixture 
in boiler tubes, which is of prime importance in circulation 
studies. H.ES. 
Fluid drive for mining machinery. Joun D. Rose- 
BROUGH. Mining Congress Jour., 27 [12] 30-34 (1941).— 
Fluid drive is quite common on power transmissions of 
5 to 3000 h.p. It provides a stepless variable-speed drive 
when used with @ general purpose a.-c. motor. There are 
two types, a traction type as used on automotive equip- 
ment and a variable speed fluid coupling. The traction 
type simplifies starting equipment; the attached motor 
always starts unloaded. Overloads stall the drive but not 
the motor and jammed machinery is not violently broken. 
It can operate in dust-laden atmospheres. The variable- 
speed device gives a rapid control of acceleration and 
stepless control of speed from a constant-speed a.-c. 
motor. Machines using these types of drives are conveyers, 
loaders, hoists, haulage trucks, crushers, power shovels, 
draglines, fans, rod mills, aerial ropeways, etc. Fluid 
drive balances the load on motors on conveyers. Trucks 
on the Mesabi Range weighing 62,000 lb. have this drive; 
they start in the same gear that they are to run in. 
is a total of 2,000,000 h.p. being transmitted by fluid drive 
in industry. W.D.-F. 
Furnace-temperature measurements and their interpre- 
tation. H. Krersincer, B. J. Cross, anp E. H. KenNepy. 
Combustion, 12 [9] 37-42 (1941).—The exposed and the 
shielded aspirating types of thermocouples, as applied to 
the measurement of gas temperatures in pulverized-coal 
furnaces, are compared, and the advantages and limita- 
tions of each are discussed. While the latter permits more 
readings to be obtained without cleaning, it is concluded 
that, with proper care, there is little difference in the resulcs 
for the two types. The calibration and the testing of 
couples for contamination are outlined, and the construc- 
tion of a water-cooled mounting is described. Instructions 
for the use of both the shielded and the exposed couple 
are included. H.E.S. 
S. E. Vrro. Keram. Sbornik, No. 15, pp. 34-40 ane — 
A vacuum has practically no effect on the grinding effi 
ciency of ball mills using either the dry or the a iY: method. 


and its application to industrial 

ems. E. D. Eyes. Jour. Sct. Instruments, 18 [9] 

175-84 (1941).—E. considers the history, apparatus, and 

technique of high-speed photography and discusses in de- 

tail moderate-, intermediate-, and high-speed recordings 
and their applications. 84 references, 9 , 


J.L.G. 
Infrared meter for industrial use. W.H. Avery. 
Jour. Optical Soc. Amer., 31, 633-38 (1941).—An infrared 


spectrometer has been designed for the routine identifica- 
tion of chemical compounds in industrial use where speed, 
convenience, and ruggedness, as well as accuracy, Ww of 


terpretation of sieve tests. L. F. Tayior. Ind. 
Chemist, 16 [189] 285-87, 207 (1940).—A ‘“‘svet-split” 
method of screen analysis is described and illustrated by 
logarithmic graphs. Its value in interpreting crushing and 
grinding problems is pointed out, and the most efficient 
method of grinding, such as roll crushing, gyratory and 
jaw crushing, and rod-mill or ball-mill grindir~. can be 
selected. A.ES. 
Leeds & Northrup temperature indicator. ANon. Ma- 
chinery [N. Y.], 47 |6} 170 (1941).—An improved portable 
instrument for thermocouple temperature measurements 
is shown. B. 
Mee-urements of the breaking strength of 
Cc. Jour. Phys. Chem., 45, 493 
Measurements are given of the maximum torque required 
to produce the accelerated ag of a set of glass prongs 
dipping into bentonite gels of various concentrations. 
The apparatus has been described (“New . . Ceram. 
Abs., 20 [7] 175 (1941)). Equations are given showing the 
relationship between breaking torque and clay content and 
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between reaking torque and percentage of added 

electrolyte (K,SO,). R.A.G. 
Mold E. Loncpen. Iron & Steel, 14 [11] 
356-58; [12] 383-85; [13] 411-13; [14] 433-34 (1941).— 

L. discusses patterns and mechanical details. 

E.H.McC. 
New data on of solids in air. O. KRISCHER. 
Chem. Fabrik, 12 [1-2] 25 (1939).—The drying of solids 
can be calculated when the capillarity of the material is 


not excessive and when the grain size, diffusion resistance, 
and capillarity of piled solids in addition to the usual data 
on the air conditions (temperature, humidity, and velocity) 
are known. Equations are given. See ‘Physical. . .,”’ 
Ceram. Abs., 18 [5] 134 (1939). .M.N. 
New scal . Anon. Jour. Sci. In- 
struments, 18 [9] 1 (1941).—The optical systems em- 
ployed in the scale-reading microscope manufactured by 
and Hobson, Ltd., are described in detail. 
J.L.G. 
photometer. R. P. Jour. Optical Soc. 
Amer., 31, 696-704 (1941).—Photometry has been carried 
on by visual observations because there has been no 
physical apparatus which would respond to light as 
accurately as the human eye. A physical photometer 
which “‘sees’’ light in accordance with the I.C.I. lumi- 
nosity factors has been constructed. Results are more ac- 
curate than those of visual observers in the measurement 
of light transmissions of colored filters. Luminous trans- 
missions obtained with 22 spectrally selective glasses are 
compared with values computed from spectrophotometric 
data with I.C.I. luminosity factors. A.P. 
dust concentration. FRANK B. RowLEy AND 
RicHarp C. Jorpan. Heating, & Air Conditioning, 
12 [12] 699-702 (1940); 13 3) 101 (1941).—The dust 
concentration levels in enclosed spaces are affected more 
by the rates at which (1) dust- fe air enters the space, 
(2) dust is produced in the space, (3) dust settles from the 
air, and (4) air is filtered than by the efficiencies of the 
filters themselves. Continuous and intermittent filtering 
processes are described. examples of 
‘in the ‘field field of ch chemical comes 1, Agi 
e ent: ita- 
tors; Mixing and kn: machines; Filters and 
presses. BRUNO WagseR. Chem. Fabrik, 12 25-30; 
13-14] 153-57; [29-30] 353- 57 (1939). —New theories 
and developments are reported, and recent patents in all 


countries are enumerated. See “Selection. . .,"" Ceram. 

Abs., 21 [1] 20 (1942). J.M.N. 
Protection of machinery f sub- 

stances. Rupoir Sresert. Chem. Fabrik, 12 [13-14] 


157-60 (1939).—To prevent damage from ‘foreign sub- 
stances, such as Pieces of iron, in ores or slags, rolls are 
protected by springs attached to a sliding frame, Symons 
crushers have a top frame which can be lifted against 
strong springs, and hammer mills have special grooves to 
catch steel pieces. The best protection is afforded by the 
removal of tramp iron by magnetic means. Several types 
of magnets are described. J.M.N. 
Quartz photoelectric spectrophotometer. H. H. Cary 
AND A. O. Beckman. Jour. Optical Soc. Amer., 31, 682-89 
(1941).—A spectrophotometer for measurements in the 
ultraviolet and visible regions, which incorporates a direct- 
reading potentiometer, electronic amplifier, rugged balance- 
indicating meter, and a quartz prism, is described. A.P. 
Resistor furnace 


with some results up to 
2000°C. R. F. Geiigsr. Jour. Research Nat. Bur. 
Standards, 27 (6) 555-66 (1941).—G. describes a laboratory 


furnace electrically heated with special oxide resistors. 
The atmosphere within the furnace is oxidizing, and 
definite heating and cooling schedules can be maintained. 
Results are given of preliminary tests in which ThO,, 
ZrO:z, BeO, CeO., MgO, and Al,O; were heated singly or in 
various combinations in the temperature range 1800° to 


Cc. R.A.H. 
Role of induction heating in war uction. FRANK 
T. CuHesnut. Mech. Eng., 63 [12] 861-64 (1941).— 


Miscellaneous applications of induction melting furnaces 
are briefly reviewed. 


Illustrated. F.G.H. 
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H.E.S. 
and Anon. Ind. Chemist, 16 
[191] 345-46 (1940).—To impart a degree of homo- 
ity to complex pottery i types of agita- 


Ltd. Latest equipment involves high-speed agitators 
that can be started up when the slip has settled thus mak- 
ing continuous use unnecessary. Neatness and cleanliness 
are with the new equipment. Installa 

. Mitchell, Ltd. Illustrated. 


H.E.S. 
X-ray camera for materials of large size. C. WaIN- 
wricut. Jour. Sci. Instruments, 18 |10] 203 (1941).—A 
translatory movement is added to the oscillation normally 
given to materials of large grain size. This a 
more aes examination of the specimen surface 
A simp form of film holder is described. J.L.G. 
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Heat Transfer to Clouds of F Particles. H. F. 
Jounstone, R. L. Picrorp, anp J. H. Cuapim. Univ. 


it 


ee 


Abrasion- R. W. (Hughes 
Tool Co.). ae My Dec. 30, 1941 (Nov. 10, 1941). 
R. W. Scu_umpr (Hughes Tool Co.). 


U. S. 2,268,428, Dec. 30, 1941 (Nov. 10, 1941). 
A. Hrpsrns (Stevenson Co.). U. S. 
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Burning natural gas. R. H. Gopexe. Power, 85 [8] 
560-62 (1941).—Illustrated. F.G.H. 

pulve==sd coal in rotary cement kilns. R. M. 

vE. Amer. Inst. Mining & Met. Engrs. Tech. 

Pub., No. 1390; Mining Tech., 5 (6) 9 pp. (1941).—Pulver- 

ized coal is used in 85% of all cement kilns. Direct firing 

is replacing the bin system. A study was made of 41 wet 

and 47 dry plants; 60 were bin-fired, and 28 were direct- 


primary air 2'/; to 3 Ib. per Ib. of coal; (2) air temperature 
ving pulverizer 160° to 220°F.; (3) velocity at burner 
6000 to 8000 ft. per min.; (4) fineness of pulverized 
coal 80% passing 200-mesh; (5) extremely uniform de- 
livery of coal to burner, obtained by automatic control of 
feeder and air temperature; and (6) very uniform control 
of secondary air, best obtained by automatic aes — 
W. H. Pucstey. Power, 85 


Conn: draft gauges. 
{4] 268-69 (1941).—IIlustrated. F.G.H. 


Controlling of ash with special reference 
to Illinois and Indiana coals. J. Harrincron. Combus- 
tion, 12 [11] 41-45 (1941).—Investigations covering a 
large number of Illinois and Indiana coals have demon- 
strated that the acid-base ratio of the ash offers a reliable 
index. to the fusion temperatures, and means were de- 
veloped to control the ash characteristics by the addition 
of silica or lime to obtain the desired results. Approxi- 
mately 2000 tons of coal per day are being treated with 
silica. The controlling influence in the production of ob- 
jectionable clinkers is not the softening point of the ash 
but the point of fluidity or the spread between the soften- 
ing and fluid temperatures. H.ES. 

Firing by electricity. A. BeRNarp HOoLLowoop. 
Electrician, 127 [3314] 317-18 (1941).—The Wedgwood 
factory at Barlaston is the first pottery factory in Britain 
to depend entirely on electricity. Continental producers 
have pioneered the electrical ovens; Americans (aided by 
cheap supplies of natural gas) have developed gas firing. 
Electricity has been used for some years for firing enamel 
kilns. The hardening-on process, in which colors are 
fastened to the already glazed ware, requires a somewhat 
lower temperature than biscuit and glost firing. The ex- 
tremely high temperature necessary in the firing of earthen- 
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Shuttle car haulage for metal mines. L. E. Youno. 
: Mining Congress Jour., 27 [11] 12-18 (1941).—Shuttle 
: transport the ma from a continuous mechanical 
loader to main-line haulage. They run on rubber tires 
and use cables, trolleys, storage batteries, or Diesel 
engines. The cars have a bottom conveyer and thus do not 
} need to be moved while loading. They have recently been 
: installed in potash, limestone, salt, zinc and lead, and 
gypsum mines. To determine whether the cars can be 
used effectively the following factors must be considered: 
(1) hardness, etc., of the ore; (2) water on the floor or in 
the ore; and (3) dimensions of drifts, etc. In selecting The results, which are then checked by 
equipment, factors to be considered are (a) capacity and experiments, confirm the fact that the rate of heat trans- 
dimensions of the car, (b) type and capacity of power units, mission from a hot furnace wall to clouds of falling parti- 
(c) ease of steezing, (d) brakes, wheels, etc., and (e) safety cles is rapid. When the diameter of the furnace is small, 
features. Factors for economic desirability include net the transmission from wall to gas and from gas to particles i 
load at least cost, maximum and most effective length of takes piace principally by convection. The fraction trans- 
haul, and determination of whether waste, tools, supplies, mitted by radiation increases rapidly with the size of the 
etc., can be handled by this system. W.D-F. furnace and the teraperature of the wall. The most im- 
portant factor in the over-all transmission is the rate at 
other . H. Buspar. Combustion, 12 [12] 36-37 which the particles are fed to the furnace. When radiation 
{1941).—B. discusses the fallacy of attempting to de- is small, the main effect produced by varying the feed rate 
termine the particle size of subscreen dust by ascertain- is the changing of the ratio of particle area to wall area, 
ing the terminal velocity by elutriation and urges instead thus changing the relative magnitudes of the thermal re- 
that results be expressed in terminal velocity rather than _sistances at the wall and at the particles without altering 
size, a ice followed in Great Britain. appreciably the respective convection coefficients them- 
selves. The coefficient of heat transfer by convection from 
gas to particles is a function of particle size and rate of fall 
and is nearly independent of temperature of the ambient 
gas. The coefficient of heat transfer by convection from 
tors and bl are used at Josiah Wedgwood & , wall to gas is apparently a function of the size of the 
furnace as shown by experiments. The radiation co- 
efficient is 4 function of the concentration of particles in the 
cloud and of the shape of the furnace. The application of 
the theory ‘s illustrated by an example of the design of a 
furnace used as a flash calciner for decomposing zinc 
sulfate hydrate into zinc oxide, water vapor, and sulfur 
dioxide. M.H. 
PATENTS 
007, bec. 23, 1081 7, 
fired. The burning of more coal increases kiln output but 
decreases kiln efficiency. Firing rate plotted against out- 
put shows a closer grouping for wet kilns and some ad- 
vantage for direct-firing in wet kilns. Most of the moisture 
should be dried out of the coals in the pulverizer. Good 
- practice has the following requisites: (1) 
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was and china (1100°C. for earthenware and 1200° 


temperatures of 1150° to 1200°C. the nickel-chrome alloy 
(Nichrome) and the iron-aluminum alloy (Kanthal) have 
been found to be suitable heating elements. For still 
higher temperatures, Globar or Silit resistors are em- 
ployed. These are composite resistors containing silicon 
carbide and fire clay. Each oven has its particular arrange- 
ment of heating elements. Nichrome is usually set in co'ls 
or strips in the channels of the refractory walls. Globar or 
Silit resistors take the form of rods which extend ac:uss 
the interior surface. Electrical firing effects a considexable 
saving in that the use of saggers or earthenware containers 
{to protect the pottery from direct flame) is avoided. In 
the Barlaston factory both biscuit and glost firing are per- 
formed in one unit, a two-way kiln 273 ft. in length. The 
heating zone registers a maximum temperature of 1200°C. 
The tunnel is traversed by a subway to facilitate the cor- 
rection of car troubles, and a special roofing enables ele- 
ments to be exchanged. If, as has been proved possible 
in the U. S., it should become practicable to reduce firing 
time to about one day, kilns could be reduced in size and 
cost to the advantage of the small potter. A Rotoelec 
electrically heated kiln 22 ft. in mean diameter, with an 
output of 4000 dozen per week and having a consumption 
of 50 to 52 kw.-hr., and a special straight electric kiln 50 
ft. long, with an output of 1100 dozen and having a con- 
sumption of 29 to 30 kw.-hr., are illustrated. H.K.R. 
Gas flow in fuel beds. J. G. Bennett Anp R. L. Brown. 
Jour. Inst. Fuel, 13 [72] 232-46 (1940).—Combustion in 
fuel beds is a complex process which has defied attempts at 
exact quantitative expression. An aerodynamic process of 
study is described which involved construction of full- 
scale models. The fuel was replaced by lumps of starch- 
coated glass of similar size, and air impregnated with 
iodine vapor took the place of the gases. This afforded a 
means of studying the distribution of gas flow in a sta- 
tionary bed. It was concluded that the distribution of 
flow through the bed is entirely controlled by the distri- 
bution of the packing. The importance of closely graded 
fuel in securing uniform flow has led to an increasing 
application of such fuels. Important developments may 
be expected in the use of less closely graded fuels in which 
controlled segregation is made to furnish the desired 
aerodynamic conditions. H.E.S. 
Light-hydrocarbon analysis. J. J. Savery, W. D. Sey- 
FRIED, AND B. M. Fitpert. Ind. Eng. Chem., Anal. Ed., 
13 [12] 868-79 (1941).—Various methods for the analysis 
of mixtures of light hydrocarbons from methane through 
isopentane were studied and compared with regard to 
their accuracy and suitability for routine operations. The 
methods studied include the automatically controlled 
Podbielniak (Model L) column, the Ward method (utiliz- 
ing low-pressure fractional distillation and condensation), 
a dew-pressure method for n-butane-isobutane mixtures, 
the determination of olefins by absorption in various 
reagents and by catalytic hydrogenation, and the de- 
termination of isobutene by absorption in various reagents 
and by its reaction with anhydrous hydrogen chloride. 
Synthetically prepared mixtures were used for the funda- 
mental investigations. Various methods of sampling and 
handling liquefied light-hydrocarbon mixtures were studied 
compared. Illustrated. F. H. 
atural gas analysis chart. T. Justice. ower’s 
Data Sheet, No. 103; Power, 85 [2] 135 (1941).—Using 
Power’s Data Sheet N o. 103, the approximate composition 
of natural gas on a weight basis can be found if the heating 
value and specific gravity are known. The gas from 
which this chart was computed is a composite of many 
fields ranging in heating value from 930 to 1150 B.t.u. and 
in specific gravity from 0.570 to 0.650. Specific gravity, 
referred to air, and B.t.u. per cu. ft. at 30 in. Hg at 60°F. 
are usually known in a routine way to most plants that 
burn large quantities of gas. Since all the hydrocarbons 
present are included in the chart, the analysis obtained is 
‘quite complete. F.G.H. 


Sel chimney size for natural draft. J. G. MincLs. 
Power, 85 |4] 283-85 (1941).—Factors affecting the selec- 
See “Performance . . .,” Ceram. Abs., 18 [8] = ae. 
G.H. 


Shortcuts in combustion. Swan. 85 
[7] 499-501 (oat) .—S. explains the flue-gas 
analysis and presents an easy way to figure tical air 
actual air, and actual weight of flue gas per Ib. of ar fuel’ 
Illustrated. F.G.H. 
Significance of iron in coal used for combustion. A. H. 
Moopy. Combustion, 12 [8] 22-26 (1941).—The signifi- 
cance of the presence of iron in mineral matter in coal 
used for combustion in the modern boiler is discussed. 
Mineral forms, iron and sulfur relationships, and pyrite 
distribution in the original coal are described. The 
changes in the chemical and physical properties of the ash 
during the course of combustion of coal are detailed. 
Limitations are imposed by the nature of ash upon the 
design and operation of large stoker- and pulverized -coal- 
fired boilers, and the degree of oxidation of the iron oxide 
in the ash at any given point in the furnace is a vital factor. 
Boiler-tube and erosion of refractories depend 
upon the interrelated properties of the coal-ash slag: 
fusion temperature, flow temperature, viscosity, and iron 
content, especially ferric percentage. H.E.S. 


SEPARATE PUBLICATIONS 

Carbonizing es and Petrographic Composition 
of Upper Freeport from Morgantown onon- 
, W. Va., and of Lower Freeport from 
In County Near Cambria County, Pa. A. C. 
FIELDNER, J. D. Davis, W. A. Setvic, D. A. REYNOLDs, 
R. E. Brewer, G. C. SprunK, anp C. R. Hotmes. U. S. 
Bur, Mines Tech. Paper, No. 621, 77 pp. ~ of Docu- 
ments, Govt. Printing Office, Washington, D. C. Price 

15¢. R.A.H. 
Coal Paleobotany. REINHARDT THIESSEN AND GEORGE 
C. Sprunx. U. S. Bur. Mines Tech. Paper, No. 631, 56 
pp. Supt. of Documents, Govt. Printing Office, Washing- 
ton, D. C. Price 15¢.—The high lights of previous re- 
search on paleobotany of coal are presented. Coal con- 
tains an enormous amount of material in a remarkably 
good state of preservation, and it comprises constituents 
or components that invariably have retained some of the 
original plant structure. Many of these structures may be 
assigned to certain plants, and the identity of these plants 
and of the remains is discussed. The observations re- 
corded are the outcome of work related to coal petrography, 
and no intensive work on paleobotany has been attempted. 


Composition of Furnace Ai eres Resulting ‘from 
Partial Combustion of 

Assn. COMMITTEE ON INDUSTRIAL GAS RESEARCH. Amer. 
Gas Assn. Buil., No. 11, 96 pp. (Aug., 1940). Price $1.25. 
—Changes in the amount of combustion air had the most 
effect on flue-gas composition. The total amounts of 
carbon and hydrogen in fuel gas are also important. 
Other variables have a minor effect. As air supplied de- 
creased, CO and H, increased and CO, and H,O decreased. 
The minimum amount <f air required to support com- 
bustion ranged from 52 to 77% of the theoretical amount, 
depending on type of burner, furnace, and gas being 
burned. Flue gases contained practically no ethane, 
methane up to 1%, and illuminants 0 to 0.5%, the con- 
centrations increasing with decrease of combustion air. 
All flue gases contained oxygen in concentrations up to 
0.2%. The volume of flue products decreased almost in 
direct proportion to aeration decreases. The amount of 
each principal flue-gas constituent was found to be a func- 
tion of the total amounts of carbon and hydrogen in fuel 
gas. CO and H; in flue gas remained in nearly constant 
ratio for any one fuel gas. At any given aeration, the ratio 
of CO to CO, in flue gases was practically constant for 
different gases. CO/CO, increased as combustion air de- 
creased. Flue temperatures decreased from 3200° to 
2700°F. as aeration was decreased from 100 to 70% for 
natural gas and 93 to 58% for manufactured gas. Heat 


| 
elements. The success of the Wedgwood factory indi- | 
cates that the early defects have been corrected. For 


yette, Ind. Price 25¢. ts [3] 217 
(1941).—A series of lectures presented at Purdue Univer- 
sity, April, 1940, is reprinted. Topics covered are as 
follows: Nature of Radiation and Its Net Interchange 
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Energy and 
ing the Net Interchanges i 

Systems Involving Gases With and Without Particles i in 
Suspension, and Distribution of 
Coal Furnace Cavity. F.G.H. 


PATENT 
Electrically he..ted furnace. F. W. Brooke (Swindell- 
Dressler Corp.). U.S. 2,262,691, Jan. 6, 1942 (March 20, 
i , the combination with the furnace 


chamber and means for closing cracks and je‘nts in the 
hollow resistor comprising means for passing into the 
hollow resistor a gas including a carbon constituent which 
thereby formed in the cracks and joints. 


Geology 


American bauxite su Anon. Economist, 141 
{5127} 615-21 (1941).— U. S. is one of the most im- 
portant bauxite-producing countries. In 1940, 445,981 
metric tons were produced in Arkansas, Alabama, and 
Georgia, and an increase of 50% is anticipated. The 
chief source of imported bauxite is Surinam, which sup- 
plied 585,993 tons or 93% of all imports, much smaller 

ities being supplied by British Guiana and the 
tch East Indies. Two new plants at Paranam were 
opened in February, 1941, producing 150 tons of dry 
bauxite per hr. British Guiana is expected to produce 
1,000,000 tons a year before long, but the bulk has hitherto 
gone to Great Britain and Canada. The huge bauxite 
but cannot be shipped as the freightage alone is more than 
twice the price of domestic bauxite in the U. S. a 
B.S. 


Base exchange of the clay mineral montmorillonite for 

cations and its dence upon adsorption due to 

van der Waals’ forces. c B. Henprickxs. Jour. 

Phys. Chem., 45, 65-81 (1941).—The structures of several 
molecules were studied. R.A.G. 

uxite. LAWRENCE LITCHFIELD, Jr. Chem. Indus- 

tries, 48 [2] 154-59 (1941).—The chemical and physical 

of discussed. 


eo bauxite are 

corundum) is used as an abrasive in the form of emery 
but has been largely superseded by artificial abrasives 
from fused bauxite. For this purpose, bauxite high in 
alumina and low in impurities is required. When bauxite 
is fused with lime, a cement is produced which is relatively 
resistant to attack by acids and chemicals, which will with- 


Bauxite, vital strategic ore accessible to all \wers. 
Anon. Science News Letter, 40 [24] 380 (1941).—Bauxite 
deposits occur in North and South America, India, Africa, 
Australia, Netherlands Indies, U. S. S. R., Hungary, Italy, 
Yugoslavia, France, Greece, Rumania, and aa 


clay, was found in the drill 
core of the John Hay, Jr., Well No. 1 in Sweetwater Co., 
Wyo., at a depth of 1342 ft. 10 in. Chemical analysis 
diffraction diraction photograph tas 

te that it does not 

contain the form of magnesite. The spacings 
and odie of the lines of the X-ray powder photograph 
of bradleyite are tabulated to aid in its future identification. 


W.D.F. 
Chemical treatment of bentonitic and the 
relation to the heaving shale problem. H. H. Power AND 


Cuaries R. Houssiere, Jr. Amer. Inst. Mining & Met. 


Engrs. Tech. Pub., No. 1401; Petroleum Tech., 4 [6] 16 
pp. (1941).—An investigation of the effect of chemicals on 
Wyoming bentonite preceded a study of heaving or cav- 
ing shale which may prevent oil-well drilling. The particles 
were fractionated on a supercentrifuge. 
the dilute suspensions used 
viscosimeter as this was the best means for comparing re- 
sistance to shear under various conditions. Filtration on 
Baroid filtrate testers was used to determine the rate of 
loss of water due to permeability of the bentonite cake. 
KCl, NaCl, HCl, NasSO,, and NaOH were added to the 
suspensions in concentrations of 2 N, 1N, and 0.5 N. 
Conclusions are as follows: (1) effective positive ion ad- 
sorption is in the order Na, K, H; (2) NaOH enmeshes 
water, while NaCl does not; (3) with both 1 N KCl and 
1 N HCl, viscosity and filtration are different than when 
each is used separately; (4) HCl has more effect than KCl; 
(5) with constant filtration rates, viscosity changes may 
indicate ionic structures; (6) a relation exists between 
peptization and particle orientation; (7) in the two 
systems, 1N NaCl-1 N Na,SO, and 2N NaCl-2N 
Na,SQ,, viscosity and filtrate relationships are reversed; 
(8) with salts, the reduction of viscosity is due to the 
number and kind of ions; (9) viscosity varies in inverse 
proportion to particle size; (10) “‘bridging’’ cf particles is 
important in filtration; (11) smaller particles retard pH 
change; and (12) these conclusions are not tenable for 
higher reagent concentrations. W.D.F. 
Colloidal clays: II. E. A. Hauser Anp D. S. Le Brau. 
Jour. Phys. Chem., 45, 54-65 (1941).—The cataphoretic 
velocity of colloidal bentonite fractions increases with 
decreasing particle size; with constant particle size, it 
decreases with increasing concentration. The viscosity 
in extreme dilutions is independent of particle size but 
increases progressively with concentration and with 
particle size at higher concentrations. The apparent 
specific gravity of bentonite at low concentrations is 
lower than that of dry bentonite; at high concentrations 
it is greater. Explanations are given. For Part I see 
Ceram. Abs., 19 (2] 52 (1940). R.A.G. 
structure of a-AIOOH and a-FeOOH. W. 
Hoppe. Z. Krist., 103 [2] 73-90 (1940).—The structure of 
diaspore as determined by Ewing (Ceram. Abs., 14 [7] 
171 (1935)) has been reinvestigated to measure the 
u-parameter more exactly as well as the intensities of the 
reflections (h00). Aikinite has also been studied. 


R.L.G 

Defense of bauxite. Anon. Chem. Age [London], 45 
[1170] 275 (1941).—The U. S. Army has intervened in 
Surinam (Dutch Guiana) to safeguard the supply of 
bauxite which provides over 60% of the requirements of 
the U. S. aluminum industry and, together with the de- 
posits in British Guiana, constitutes the most important 
source of this precious war material in the Western Hemi- 
sphere. The Netherlands Government and the Govern- 
ment of Brazil are cooperating in safety measures, and an 


orm 
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. content in flue products and latent heat of water vapor between Surfaces of Solids, Spectral Distribution of 
# decreased as aeration decreased, but potential heat of un- 
burned combustibles increased rapidly; the net result 
} was an increase of total heat in flue products in direct 
I proportion to the decrease in aeration. A major part of 
; the potential heat was due to H; and CO. The total heat 
: in flue products at a given temperature and aeration, in 
| per cent of heat in fuel, varied for different gases. Heat 
; release per cu. ft. of combustion space decreased as aera- 
; tion decreased, owing to the lengthening of the flames. 
/ Heat Transfer Radiation. W. | WoxHLENBERG. hollow porous resistor of refractory material within the 
which attains its maximum hardness in about 24 hr. 
Bradleyite, a new mineral, sodium phosphate-mag- 
mesium carbonate. JoserpH J. FAHEY AND -GEORGE 
TUNELL. Amer. Mineralogist, 26, 646-50 (1941).—An 
anisotropic fine-grained mineral (bradleyite), associated 


swelling constituents that they feel greasy 
to the touch when moistened with water are called fuller’s 
earth. They can absorb considerable amounts of fats and 


They occur in larger deposits in Algiers and and in 
Transylvania in Europe. The and phical 
characteristics of the deposit near the of are 


ing to Correns) mm. % 
Gravel 2-5 0.55 
0,060.2 8:98 
. .95 
Fine sand 0.02-0.05 0.23 
0.01-0.02 2.15 
Coarse clay 0.007-0.01 2.15 
0.003-0.007 7.64 
0.0013-0 .003 6.44 
Fine clay { 0.0008-0.0013 8.12 
0.0003-0.0008 22.76 
Colloidal clay Below 0.0003 31.45 


The viscosity is very high due to the high content of 
colloidal constituents; a suspension with 5% is thickly 
viscous, and one with 7% is pasty. A high-percentage 
suspension shows birefringence under the microscope. A 
purified fuller’s earth (freed of coarse particles) has the 
following composition in the water-free state: 74.33 SiQ:, 
15.13 AlyOs, 5.07 FexO;, 31.70 , and 1.75% CaO. The 
material is used mostly as washing and cleaning soap but 
also, mixed with soda, soap, crude oil, petroleum, etc., as a 
substitute for drilling oil; great care must be taken, 
however, to prevent rusting of machines and 
Magdalen Islands. F. J. Atcocx. Trans. Can. Inst. 
Mining & Met., 44, 623-49 (1941).—The geology and 
mineral deposits of the Magdalen Islands are described. 
Residual pyrolusite is a possible source of manganese. 
Much impure gypsum occurs on the Islands. G.M.H. 
Methods of evaluating fusible materials: IV, 
Ba ae! of refractory clay. L. BELLADEN. 
Metallurgia Ital., 32, 236-38 (1940); abstracted in Chem. 
Zentr., 1941, I, 260.—Numerous tests were made on re- 
fractory clays of varying plasticity; they showed that the 
method of Vageler for determining the capacity for the 
exchange of bases is superior to the method of Graham 
and Sullivan (Jour. Amer. Ceram. Soc., 21 [5) 176-83 
(1938)) of dissolving with 1 N NH, acetate solution, not 
only because it is quicker but also because it gives better 
values for the plasticity and is more dependable. For Part 
II see Ceram. Abs., 15 [11]346(1936); see “Methods . . .,” 
tbid., 17 [4] 143 (1938). M.V.C. 
es of soluble silicates: II, Uses. C. H. Jecium. 
Chem. Industries, 49 (6] 604-10 (1941).—J. presents u 
detaile’ account of the uses of soluble silicates as adhesives, 
as cements (where other materials are combined with 
silicate to react chemically with the formation of a mass 


pottery mass with 
0 
for acid containers. F 


ars 
F 


: .V.C. 

Volume of sediment of kaolin powders dispersed in elec- 
trolyte solutions: Il. G.G. Kanpmarov. Kolloid-Z., 91 
[1] 56-61 (1940).—K. compared the variations in volume 
of sediment of kaolin in solutions of sodium salts, such as 
NaCl, NasSO,, Na,HPO,, and NasPQ,, which have one, two, 
or three anions. The concentration-sediment volum 
curves ordinarily show slight maxima near the beginning. 
With further increase in concentration of the univalent 
and bivalent Cl and SO, anions, the volume of sediment of 
kaolin strongly decreases to a broad minimum, after which 
a rise is observed. The sodium sulfate C-SV curve is 


NaOH (with strongly acid or alkaline salts), eg., the 
volume of kaolin sediment for concentrations of 10 to 500 
millimols per liter of the acid salt solutions increased about 
40%, while its structure was loosened, but the volume of 
kaolin sediment in NaOH solutions was almost doubled. 
These changes are to be ascribed mainly to the hydrogen 
or hydroxylions. The fact that the changes in the volume 
of kaolin sediment hydrolyzed AICI, solutions 


1942 Geology 69 
exchange of information on the subject has been arranged Pyrope garnet vs. ruby spinel in Kansas. Benepicr P. 
Degree ys: IV, Serpentinized peridotite near kdale, Riley CONn- 
ticles. C. E. ARSHALL. Jour. Phys. hem., 45, 81-93 tains a mineral which has been called ruby spinel. This : 
(1941).—Investigation of the dityndallism caused by the mineral has a chemical analysis very close to that of 
flow of various clay minerals is used to determine the pyrope garnet. W.D.F. 
y particles, which are shown to be in the Use of German talc in ceramic masses. ANon. Keram. 
» For Part III see Ceram. Abs., 20 [1] 28 Rundschau, 48 (52) 445-46 (1940).—An attempt was made 
R.A.G. to determine whether German talc containing a com- 
Fuller’s earth of Gaura in Transylvania. R. Grencc. paratively high percentage of Ca and Fe could be used 
Keram. Rundschau, 48 [50] 421-24; [51] 434-36 (1940) successfully in refractories, acidproof pottery, and masses. 
Naturally occurring clays which have such a high content for porous insulating bodies. The chemical composition of 
the tale is 56.5 SiOs, 27.4 MgO, 5.8 Al,Os, 2.8 CaO, 2.1 
Fe,O;, and 5.4% loss on firing. Mixtures of 80 to 30% 
: kaolin with 20 to 70% tale showed that 30 to 40% talc 
oils and thus show, to a certain extent, properties similar to can be used; a lower shrinkage and a slightly higher 
bose of true washing soaps (euch American bentoni porosity were obtained with the German talc. More than 
40% can be used only in masses with low firing tempera- 
tures, as the presence of Ca and Fe results in strong def- : 
ormation. A porous insulating body was made with 40 : 
described; di th swells to 15 times its volume when _ refractory fat clay, 40 German talc, and 20% finely ground 
mixed with water. The physical distribution of grain sizes alumina fired at Seger cone 13. It fires yellow to brown, : 
is given in the following table: has a shri of 8%, and has 
tion (accord- Grain-size limits 
15% and a shrinkage of 5%. Rods 26 x 2x 1 cm. showed, 
on loading, a deflection of 10 mm. A sintered magnesite 
was made of 82 MgO, 10 SiO,, 4 Fe:O,, 2 Al,Os, and 2% 
CaO, to which 20% German tale way, added. Attention 
is called to the differences in the co.nposition of German 
talc, and the selection must be made carefully according to : 
the given case. M.H. g 
Use of the raw materials of Middle Asia in porcelain ; 
and faience production. L. A. Vixumeva, <Keram. 
Sbornik, No. 13, pp. 29-37 (1941).—The large deposits of : 
agalmatolite of the kaolinite and pyrophyllite varieties in t 
the Ak-Tash region are discussed, and the testing of these 
materials for porcelain and faience production is de- 
somewhat displaced downward and toward the left. In 
the corresponding weak reacting Na:HPO, solutions, the 
decrease in volume of sediment is much less. In strongly 
alkali Na;PO, solutions the C-SV curve is displaced down- 
ward, and its right branch shows a very steep rise, which 
is related to the corresponding steep rise of the sodium 
hydroxide C-SV curve. The greatest changes in volume of 
kaolin sediment were observed for solutions of HCl and 
ving strong bondi roperties), as sizes and coa , tions, as well as the fact that the direction of the sodium 
on make them usable, in paintsfor hydroxide C-SV curve is the same as the right branch of 
stucco and concrete buildings, in detergents for the de- the Na,PO, solutions, shows that the observed volumes of 
flocculation of removed dirt, and in ceramics for the de- sediment are additive values, at least at these concentra- 
flocculation of clay slips. 15 references. For Part I see tions. The volume of sediment with the acid AlCl, solu- 
Ceram. Abs., 21 [1] 27 (1942). E.D.M. tions is due to the simultaneous effect of the Al, Cl, and 


AICI use for this phenomenon 
HPQ,, or PO, ions and the H or Of ions which are pres- 
ent on account of hydrolysis. For Part I see ‘“‘Sedi- 
mentation. . .,’’ Ceram. Abs., 19 [9] 224 (1940). W.H.H. 
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fundamental and controversial 
application of the modern techniques of 
analysis, rock analyses, and residue analyses. 
y petrographic, metamorphic, and structural data are 


Chemistry 


Ceriometric method ¥ the determination of sulfates. 
P. MeHLIG AND K. R. JoHNSON. Chemist-Analyst, 30 
4] 76-78 (1941).—In the ceriometric method for the de- 
termination of sulfates, oxalate equivalent to the sulfate 
is titrated with ceric sulfate. The method is less tedious 
than the gravimetric method but is subject to more inter- 
ference and is best suited for routine control analyses. 


stable solution, simple titration with no side reactions, and 
noninterference by chlorides. A.P. 
Dielectric strength of mixed crystals. H. FROuvicH. 
Proc. Roy. Soc. {London}, A178, 493-98 (1941).—The in- 
crease in breakdown strength of ionic crystals due to the 
admixture of foreign atoms is calculated 


Fluorescent tests for beryllium and thorium. CHARLES 
E. Wuire anv C. S. Lowe. Ind. Eng. Chem., Anal. Ed., 
13 [11] 809-10 (1941).—The reagent 1 -amino-4-hydroxy- 

anthraquinone serves well for detecting beryllium in alka- 
line solutions and thorium in acid solution. In the case of 
beryllium, the test is less sensitive but more specific than 
with morin and much more definite than with quinalizarin. 
In application to thorium the sensitivity is not so great as 
might be desired but is sufficient for many practical pur- 
poses and provides a vivid color reaction for the identifica- 
tion of this element. Several hydroxyanthraquinones were 
tested with these elements, and the only other one found to 
present analytical possibilities was 1,8-dihydroxyanthra- 
quinone. Although all possibilities have not been tried, it 
seems obvious that tests with metallic ions may assist in 
identifying the location of groups in the ee 
See Ceram. Abs., 18 At} 255 (1939). F.G.H. 

H method for determination of 

F. H. nena Ind. Eng. Chem., Anal. Ed., 13 
11] 789-91 (1941).—A method for the analysis of the 
quartz content of granular material using hydrofluosilicic 
acid has been extended to include “settled dusts.” 
Mechanical losses and losses due to the solution of quartz 
by the reagent have been greatly reduced. There is a 
substantial saving of time in an analysis which may take as 
etric determination of calcium. A. InvinS 
1s. Z. Anal. Chem., 120 [11-12] 401-10 (1940).— 
The titration of calcium oxalate with KMnQ solution gives 
very good results if the oxalate is precipitated from dilute, 
salt-free solutions. With larger amounts of salts, a re- 
precipitation is necessary. The washing of the precipitate 
must be done with saturated calcium oxalate — 
R.L.G. 

Naming spectroscopic analytical methods. M. G. 

Me.ion. Jour. Optical Soc. Amer., 31, 648-50 (1941).— 
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Coneet. The authors conclude that a large portion of 


be previously interpreted, but must be 
metamorphic rocks y ic age. C.B 
Occurrence and of the Titanium Deposits of 
Nelson and Amherst Va. C.S. Ross. U.S. 


Geol. Survey Professional Paper, No. 198, 59 pp. eo of 
Documents, Govt. Printing Office, W: 


contains important deposits of vey R. describes the 
minerals and mineral relationships of the occurrences of 
both the rutile and ilmenite. These indicate that rutile, 
— and apatite, together with a large group of ac- 
were introduced into an essentially pure 
ps rock (anorthosite) by hydrothermal or vapor- 
phase magmatic emanations. The physical chemistry of 
such an origin is considered, and a paragenetic history is 
suggested. The significant mineral relationships are 
illustrated by 19 plates. R.A.H. 


and Physics 


Current literature on analytical applications of spectros- 
copy seems in the usage of terms. M. suggests a 
possible nomenclature. The naming of a technique should 
bring out the method of separating the desired constituent 
and the property measured Examples are gravimetric 
electrodeposition, titrimetric precipitation, colorimetric 
volatilization, and absorptive spectrometric precipitation. 
In an account of a research, writers should leave no un- 
certainty about the kind of apparatus used and the condi- 
tions of use. A.P. 

Photometry in spectrochemical is. W.C. Prerce 
AND N. H. Nacurries. Ind. Eng. Chem., Anal. Ed., 13 
[11] 774-81 (1941).—A study has been made of the photo- 
metric methods used in spectrochemical analyses, and the 
procedures which give optimum results are listed. In- 
cluded in this study are the methods for plate calibration, 
the variations in plate gamma with wave length, the effect 
of background and methods for correcting, and the 
accuracy obtained in photometric measurements of in- 
tensity ratios. Working curves and the factors governing 
the selection of an internal standard are discussed. Graphi- 
cal computation methods are described. Criteria for 
evaluation of a photometer are given, and the construction 
of a satisfactory instrument is described. ete’ 

F 

Separation of bismuth from lead with ammonium for- 
mate. Ind. Eng. Chem., Anal. Ed., 13 
{12] 897-900 (1941).—The sodium formate method, pro- 
posed by Benkert and Smith for the quantitative separation 
of bismuth from lead, shows definite advantages over other 
procedures, but there are obstacles to its general adoption. 
A new procedure is proposed, suited for both the quanti- 
tative separation and determination of bismuth and lead 
and for the quantitative separation of small amounts of 
bismuth from large amounts of lead. The nitric acid solu- 
tion of bismuth and lead is neutralized with ammonia and 
ammonium carbonate. Ammonium formate is added, and 
the precipitate of basic bismuth formate is filtered off, 
washed with hot water, reprecipitated, and finally ignited 
to the oxide. The precipitate can also be dissolved in 
hydrochloric acid, and bismuth can be determined as 
oxychloride. If the bismuth formate precipitate is very 
small, it can be dissolved in dilute sulfuric acid and can be 
determined colorimetrically with potassium iodide. Lead 
is precipitated in the filtrate of the bismuth formate as 
chromate with potassium or ammonium 

Separation and determination of lead with salicylal- 
doxime. W. B. Licett L. P. Brerecp, Ind. Eng. 
Chem., Anal. Ed., 13 [11] 813-15 (1941).—Lead can be 
determined by precipitation as lead salicylaldoximate, 
weighing the resulting precipitate after drying at 105°C. 
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it is due to the simultaneous action of the Na, HPQ,, and 
i OH ions. The general course of variations in volume of cluding the Wisshickson schist) that crop out in the 
kaolin sediment with the strongly alkaline NagPQ, solu- Piedmont province of P, vania and land cannot 
tions is entirely different from the course with the acid 
) Price 25¢.—The Roseland titanium district of Virginia has 
——————— long been the world’s principal source of rutile, and it also 
; Geology of the “Martic Overthrust” and the Glenarm 
} Series in Pennsylvania and Maryland. Ernest CLoos 
AND ANNA HIETANEN. Geol. Soc. Amer. 
Compared with the permanganate titration method, the 
ceriometric method offers easier - and a more 
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and calculating the amount of lead on the basis of the 
formula PbC;H,O,N. From nitrate solutions, precipita- 
tion begins just above pH 4.8 and is complete at 6.9. The 
precipitate obtained at pH 6.9, however, does not have 
the composition represented by the formula PbC;H,O.N. 
Precipitation must be carried out at pH 8.9 or above to 
obtain a compound to which the theoretical factor of 
0.6053 for lead in lead salicylaldoximate can be applied. 
The effect of acetate concentrations as low as 0.05 molar is 
to increase the pH necessary for the beginning of precipita- 
tion, for complete precipitation, and for complete precipi- 
tation as lead salicylaldoximate. This increase is about 
0.5 pH unit. Lead can be separated as the salicylaldoxi- 
mate from silver, cadmium, and zinc in strongly am- 
moniacal solutions. Salicylaldoxime reagent cannot be 
used in conjunction with high ammonia concentrations to 
separate lead from one or more of the following metals in 
solution: copper, nickel, cobalt, bismuth, iron, magnesium, 
acid and Illustrated. F.G.H. 
, Effect of concentration of: silica 

om. Hurp AND Howarp E. 
SHerrer. Jour. Phys. Chem., 45, 588 (1941).—With gels 
made from sodium silicate and acetic acid at a pH range of 
4.8 to 6.5, the time of set of these mixtures at a fixed tem- 
perature and constant silica concentration is proportional 

to the H-ion concentration for each concentration of 
silica, The time of set appears to be inversely 
to the square of the silica concentration at fixed tempera- 
ture and pH. With some assumptions, indications of a 
third-order reaction are obtained. The energy of activa- 
tion is nearly independent of the concentration of silica, 
being about 16,500 calories. For Part X see Ceram. Abs., 
20 [8] 204 (1941). RAG. 

in SiO, modifications. H.Terrscn. Z. 

Krist., 103 [2] 96-111 (1940).—The “space-filling forms” 
have been determined graphically for the various modi- 
fications of crystalline silica. Here, as in many other 
crystals, the deusest packing of spheres is not attained. 
The SiO, molecu!e has a form of tetrahedral character with 
the Si ion at the center of gravity. The Si form is tetra- 
hedral and remains unchanged in all modifications, whereas 
the O form is lenticular and varies with the modifications. 
The O form further shows different appearances in the low 
and high forms. These observations are discussed on the 
basis of the Bohr-Kossel structures of atoms and ions. 


R.L.G. 
Spectrochemical analysis of alkali E. A. 
Boettner. Ind. Eng. Chem., Anal. , 13 [12] 861-64 


(1941).—B. gives details for the determination of sodium 
hydroxide, soda ash, sodium bicarbonate, sodium chloride, 
calcium carbonate, calcium hydroxide, and calcium 
chloride. Illustrated. F.G.H. 
Spectrochemical determination of lead, cadmium, and 
zinc in dusts, fumes, and ores. H. I. Osnry, J. W. 
BALLARD, AND H. H. Scurenx. Jour. Optical Soc. Amer., 
31, 627-33 (1941).—A spectrochemical method for the 
determination of lead, cadmium, and zinc in samples of 
dusts and fumes collected with the Barnes electrostatic 
precipitator is described. A.P. 
Spectrographic studies of coprecipitation. Fourth- 
period elements with barium sulfate and copper and zinc 
with lead sulfate. Louris WALDBAUER, F. W. ROLF, AND 


H.A. Frepiant. Ind. Eng. Chem., Anal. Ed., 13 [12] 888-89 
(1941).—The coprecipitation of iron, cobali, nickel, chro- 
mium, and manganese with barium sulfate and of copper and 
zine with lead sulfate was studied spectrographically. All 
precipitates of barium sulfate were prepared by the method 
of Popov and Neumann, which consists of the addition of 
the sulfate ions to the solution of the barium ions. It was 
found that cobalt and nickel do not coprecipitate with 
barium sulfate, whereas iron, manganese, and chrom:um 
do. Copper and zinc coprecipitate with lead — “i 
Strongest lines of singly ionized atoms. W. F. Meccrrs. 
Jour. Optical Soc. Amer., 31, 605-11 (1941).—Each chemi- 
cal element is characterized by Z totally different atomic 
spectra, where Z is the atomic number. The first atomic 
spectrum (represented by I following the chemical symbol) 
is characteristic of neutral atoms, the second is ascribed to 
atoms that have lost one outer electron, etc. A table 
presenting the wave lengths and other data on the strongest 
lines in the second spectra of chemical elements may be 
compared with a similar listing for neutral atoms (see 
“Physical . . Ceram. Abs., 20 [7] 183 (1941)). A.P. 
Structure of tricalcium aluminate. Howarp F. Mc- 
Mouropiz. Jour. Research Nat. Bur. Standards, 27 (6) 499- 
505 (1941).—The work on the structure of Ca;Al,0, is 
reviewed. McM. shows that Ca;Al,O; has a cubic unit 
cell having ao = 15.24 a.u., with 24 mol. present. A com- 
parison with other compounds with similar patterns 
shows that the metal atoms are arranged at or near the 
centers and corners of 3.81l-a.u. cubes. No deductions can 
be drawn with regard to the oxygen arrangement from a 
consideration of the strong lines only. As there are many 
compounds which give patterns whose strong lines are 
those of a body-centered cube with 3.8l-a.u. edges, it is 
suggested that the pattern obtained by Brownmiller 
(Ceram. Abs., 18 [1] 8 (1939)) from slowly quenched 
glasses of Portland cement compositions was the result of 
submicroscopic quench growths of metastable a 
compounds. R.A.H. 
ater Bruno Scuweic. Glass Ind., 22 [10} 
436-39; [11] 476-79 (1941); see Ceram. Abs., ‘21 {2} 51 
942). ALP. 


PATENTS 


Manufacture of zinc oxide. C. R. Berimncer (C. R. 
Beringer, Eugen Horvat, Ernst Horvat, Ferdinand Solt, 
and Alfred Spiegel). U. S. 2,269,355, Jan. 6, 1942 (Sept. 


26, 1936). 

Producing improved titanium pigments. J. E. Boocr 
(E. I. du Pont de Nemours & Co.). U.S. 2,269,139, Jan. 6, 
1942 (April 27, 1938). 

Production of zirconium and titanium oxides. W. O. H. 
SCHORNSTEIN. Brit. 541,343, Dec. 3, 1941 (May 21, 1940). 

Zinc aluminate pigment and paint and method of mak- 
ing. L. E. Barton. U. S. 2,269,508, Jan. 13, 1942 
(March 16, 1939).—The method of making an essentially 
pure, opaque, white, pigmentary zinc aluminate which con- 
sists in making an intimate mixture of zinc oxide and gam- 
ma-aluminum oxide and then heating the mixture in the 
temperature range 750° to 1400°C. until the zinc aluminate 
is formed. 


General 


Aspects of underground ventilation. RayMOND MANCHA. 
Mining Congr. Jour., 27 {11] 27-30 (1941).—The chief re- 
quirement of mine ventilation is the maintenance of an 
adequate flow of air through the mine at the least possible 
cost. The following points should be considered: (1) 
Underground pressure surveys are desirable. (2) More 
accurate air-volume measurements should be made. (3) 
Air-velocity surveys are an easy method of checking condi- 
tions roughly. (4) There can be too many or too few 
airways. (5) Leaky stoppings should be fixed. (6) Regu- 
lators are put on the far end of a split. (7) A booster fan 
on a split is advantageous but needs careful location and 


regulation. (8) Air currents are best split close to the place 
where the air enters the mine and reunited where the air 
leaves the mine. W.D.F. 
Boiler embrittlement protection. Cyrus W. Ruics. 
Combustion, 12 [7] 37-39 (1941).—In reviewing the present 
knowledge ‘with an to embrittlement protection and 
prevailing practices, R. offers explanations for certain 
apparently pe A experiences and shows how, under 
— circumstances, some salts may either accelerate 
event embrittlement. H.E.S. 


tion of occupational diseases. L. TeL_exy. 
wt ted nd. Hyg. & Toxicol., 23, 353-73 (Oct., 1941).—T. 


| 


reviews the su’ of compensation laws for occupational 
, types of laws, and a 


recognized presented in 
, Germany, 13 states of the U. S., 
Rico, and the International Labor Office. 


Defense of professional status of ceramists. GrorcE 
J. Easter. Bull. Amer. Ceram. Soc., 9-10 


Dropping mercury electrode for lead analysis. 

BARNES AND H. W. Speicuer. Jour. Ind. H' & Toxicol., 

23, 397-407 (Oct., 1941).—The of 
electrode is described. 


the leucocytes which increases either the number of 
bacilli or the number of 


cocytes. 

Factors involved in the production and pun, of 
silicotic lesions. W.S. Lemon. Radiology, 37, 413-20 
(Oct., 1941).—Experimentally produced silicosis, like 
‘silicosis found among human beings, results from the inter- 


is probably brought about 

duced by contact of the particle and the cytoplasm of 

hagocytic cells. It probably the 
cells are not killed but are and may be con- 


tion. 

Failure to de modern ent re- 
sult: in awards. ANON. 4, 
from sil 1941).—Six cases involving disabilities resulting 

H 


silicosis, inclu vs. Texas Owyhee Mining 


& Development Co. (Idlahe) 115 Pac. 2nd 749 (July, 1941), 
were heard 


together, the facts in all of the cases being 
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employed in the 
ng as well as The company had 
wet apparatus, but much dust was present, never- 


pensable injury. F. 
Fatigue, its effects on industrial injuries. ANon. Penna. 

Lab. & Ind. Rev., Pp. 93-99 (July, 1941).—Industria! ac- 

Pennsylvania are summarized. 


can profit by the attempt to prevent accidents. F.S.M. 
of public h 


ness and accidents among workers, the 
000 men working a full year. is a much greater loss 
than that caused by labor troubles. P. discusses the prob- 
lem of men rejected for military service because of correct- 
able defects and urges government aid in rehabilitating 
these men for use in industry. Nutrition problems, diffi- 
culties caused by the heavy influx of new workers to small 
communities, and the supply of physicians are also dis- 
cussed. F.S.M. 
the Midwest Power Conference. ANon. 


ment defense trends, steam-turbine developments, supply 
of steam and interchange of power between a utility and 
industrial plants, forced-circulation boilers, federal hydro 
developments, variable-speed auxiliary drives, instru- 
ments and controls, and feed-water conditioning. 
H.ES. 
in exhaust C. A. SNYDER. 
, 3, 8-9, 24 (Sept., 1941).—S. briefly 
discusses exhaust hood "and piping design, listing twelve 
important points, some of which are as follows: use of 
forces created by the motion of the tool on the work to 
produce air currents into hoods; use of downdraft for 
heavy gases or dust and updraft for fumes, with cross or 
lateral draft being permitted for either; a ratio of 16 or 
less between the area of an exhaust hood and its exhaust 
pipe; double-walled hoods around shakeouts, etc.; simple 
adjusting devices; and ample access doors. S. states, 
“The most efficient dust collector is but half of a dust- 
control installation, and improper hood and piping de- 
signs can render the entire installation useless from an 
effici standpoint.”” See “Industrial ... Ceram. 
Abs., 19 [1] 34 (1940). F.S.M. 
Industrial hygiene in the national defense i 
J. J. BLoomrretp. Ann. Internal Med., 15, 165-71 (Aug., 
1941).—Industrial mobilization in recent months has 
greatly augmented industrial-health problems. New 
workers are being taken on in increasing numbers, many 
of them not as physically fit as those they are replacing; 
unless the working environment is made safe for them, 
marked rises in accident and disease rate may be expected. 
The problem of fatigue will appear as a result of the speed- 
up in production. New and hazardous chemicals will come 
into use. Recent research and organization find us better 


72 
classification of laws of the various states with refer- 
} ence to diseases and disabilities covered and details of 
theless, nd ij aiman developed 5 Osis. Jthei 
tabular] than the wet-drilling equipment, the mining company 
Puerto had done little to improve conditions. Its failure to do so 
i resulted in awards to the claimants. The Court stated 
; that an injury caused by conditions which science and in- 
i dustry have learned to contro: and eliminate cannot be 
{ classed as an occupational disease. It stated that there is 
; Med., 17, 692-96 (Sept., 1941). G. Z. Mepatre. Jbid., no cure for silicosis, but that hope in stemming the disease 
é pp. 697-705. C.G. Heyp. IJbid., pp. 706-14. F.S.M. lies in preventive measures. The company had failed to 
( provide any mechanical ventilation, had not installed ex- 
haust pipes or filters, and had not supplied masks for the 
underground workers. The neglect to take these pre- 
1 ventive measures resulted in a finding by the Court that 
| accurate Of quanutics Of ma- the silicosis was not a mnoncompensable occupational 
/} terials and the use of the Fisher Electropode for the de- disease under the Compensation Act but was a com- 
termination of lead are given. Good accuracy was at- 
tained in the lead analysis of fumes from soldering opera- 
tions. The time required for such analyses is quite short 
compared with that required for other methods. 
F.S.M. A rise in accidents with the number of hours worked, by 
Education of engineers. C. E. Inciis. Engineer, 172 different industries, is shown in tables. One peak is reached 
[4478] 319-20; [4479] 327-28 (1941).—I. discusses the after 3 hr. of work, and another after 7 hr., indicating a 
present educational methods in engineering in England, close relationship to fatigue. By discovering the best time 
pees out defects and suggesting changes under the for rest periods for their particular kind of work, industries 
in relation to engineering education, (3) examinations, (4) N, 
workshop training, (5) drawing-office training, and (6) Jour. Amer. Med. Assn., 117, 186-88 (July, 1941).—The 
research and ere training. G.A.K. im of public health efforts is evidenced by the 
Effect of acid on phagocytosis. E. ZANETTI AND 
L. Prccrotr. Med. del Lavoro, 32, 19-28, 39-45 (1941).— 
The admixture of fine silica dust in tiny doses to blood 
seems to first diminish and then to augment phagocytosis. 
Combustion, 12 [11] 34-39 (1941).—The program included 
papers on power supply for national defense, power equip- 
depend on the size, number, and mass of the particles of 
silica. The exact cause of the reaction is unknown, but it 
course of the lymphatic system of the lungs. Arrest oc- 
curs as a result of phagocytosis and failure on the part of 
the eliminating mechanism of the lung. The pathogno- 
monic criterion of experimentally produced silicosis is the 
discrete pseudotubercle, pearly white in color, glandular, 
subpleural or perivascular and peribronchial in situation, 
and visible and palpable on cut section. The morbid 
changes in lungs of experimental animals are controlled 
by encapsulation, calcification, and obliteration by col- 
lagenous and reticular fibers. Superimposed infection 
increases fibrosis in the perinodular parenchyma, causes 
ulceration and necrosis of bronchi and blood vessels, and 
brings about death of the animal by bronchitis, broncho- 
pneumonia, and emphysema. Simple uninfected silicosis 
affects the function of the lungs in proportion to the amount 
of fibrous tissue that - with 7 reduction of 


— 


1942 


prpent to cope with these arising problems than ever 
A program has been outlined for the purpose of 
fer:se industries. The responsibility of the medical pro- 
fession in this program is discussed. F.S.M. 


Assn., 117, 34-35 univ. wet 1941) _—Floor plans for four rather 
elaborate industrial medical departments are presented. 
Gell smaller medical can be 
the mo but a satisfactory depart 
F.S.M. 
Industrial medical service of the Standard Oil Co. of 
New Jersey and affiliated companies. ANON. Jour. 
Amer. Med. Assn., 117, 542-43 (Aug., 1941).—The Stand- 
ard Oil Co. of New Jersey has maintained a medical ser- 
vice for its employees all over the world for 23 years. One 
hundred nine full-time physicians are employed, and, in 


or more days. Standard Oil Co. employees in this coun- 
try average 6.31 days’ disability a year, which is signifi- 
cantly lower than the average given for country as 
a whole. Interesting differences are shown for U. S., 
European, and tropical employee groups. Sanitation and 
tropical diseases are being investigated, and a special 
study of 800 persons ee eo 
Industrial safety and health from an executive view- 
point. J. J. Porrer. Ind. Med., 10 [12] 542-46 (1941).— 
) A refers to the medical research sponsored by the cement 
industry on the prevalence and dangers of silicosis in the 
industry. Cement and the raw materials from which it is 
made are high in lime, and any silica for the most part 
combines with lime, hence the popular misconception of 
silicosis as prevalent among cement workers. In 1934 the 
Committee on Accident Prevention of the North Ameri- 
can Cement Corp. undertook a comprehensive study of 
the health of the workers. Eleven cement plants, geo- 
graphically and otherwise representative of the industry, 
and 6 additional plants were selected foi a qualitative and 
quantitative study of their various dusts. Of 35,000 
workers ordinarily employed in cement manufacture in the 
U. S., 2278 men were studied for health and work environ- 
ment, 1979 of whom were exposed to dust. The remain- 
ing 299, largely clerks, served as a control group to check 
ably exposed to dust. The 


the industry. Only 8 men of the large number studied 
showed evidence of silicosis, and 6 of these had been ex- 
posed to sili:e dust in previous employment; the other 
2 had been operating mills grinding sandstone. Condi- 
tions in these plants have been corrected, and no work- 
men are now exposed to silica dust in the cement industry. 
The survey also showed an unusually low incidence of 
other chronic respiratory diseases. K.R. 
Medical plans for industry. K. Roperts anp M. W. 
Brown. Advanced Management, p. 61 (April-June, 
1941).—Absenteeism due to illness is costing industry more 
than $60 per employer per year. It is costing employees 
more. Strikes in 1940 resulted in a loss of about 2 hr. per 
worker per year; absenteeism due to illness resulted in a 
loss of approximately eight days per worker. The total 
of illness has been estimated at 400,000,000 man-days per 
year. Various means of reducing this th toll are dis- 
cussed. Several plans are described and in de- 
tail. The objectives of a proper program are threefold: 
(1) improved health of the working force; @) security for 
the employee against the financial hazards of illness; and 
(3) increased efficiency and raised production a4 


General 73 


Medical technologist in industry. A.B. West. Amer. 
Jour. Med. Tech., 7, 76-81 (1941).—W. discusses the work 
of the medical technologist in large industrial ts, pri- 
marily with regard to blood counts, X rays industrial 
diseases and injuries, and venereal disease 


F.S.M. 
Medical testimony in personal in action. W. J. 
Kernan. Bull. N.Y. Acad. Med., 17, 864-70 (Nov., 
1941). F.S.M. 


Noise in industry. C. PHARRris. 
Bull., 55, 254-55 (Sept., 1941).—Noise is not the least im- 
portant among the various environmental conditions 
which do or may adversely affect the health of industrial 
workers. Too often noise is looked upon as an indispen- 
sable nuisance which must be tolerated. It has been 


i insurance 
was raised 8.8% and errors of 
tors were reduced 29% and 50 . Asa re- 
sult, employee turnover i 


workers was following a reduction of the 
noise level from 75 to 50 ibels. Preventive measures 
are briefly discussed. 


Nom for exhaust-system design. B. Kacan. 
Heating entilating, 38, 39-43 (Aug., 1941).—K. pre- 
sents nomographs for calcula resistance and air 


Commission Monitor, 1 126 (Aug., 1941).—Silicosis claims 
filed with the — up to July 31, 1941, 
are discussed. “Silicosis . Ceram. 20 
276 Prinsiplon 


So tilation and heating. 
ten te vena 
15, 77-89 (April, 1941).—After considering the probable 


as is compatible with comfort with a humidity not exceed- 
ing 70%; (4) an average temperature of the walls not Sa 
preciably lower than that of the air and preferably 
and (5) warmer air at head level than at the floor. 
measures are suggested, e.g., warming tools the 
first hour or two of work when the room cannot be heated 
sufficiently. The effect of blackouts on ventilation is also 
considered. Natural ventilation is often seriously re- 
stricted by closing windows during blackouts, and reme- 
dies should be considered. F.S.M. 
Profits in air: dust control. F. F. Kravarn. Heating 
& Ventilating, 38, 28-31 (June, 1941).—K. discusses the 
fundamentals of dust control and states, “We must fix 
it firmly in our minds that dust control is not something 
which we can buy quickly, easily, and painlessly from our 
favorite sheet-metal contractor. Dust control is not merely 
an exhaust system which can be purchased, run until it is 
completely worn out, outmoded, or inadequate, and then re- 
placed with another exhaust system bought just as pain- 
lessly. Dust control is a living thing. It is a policy and a 
procedure devised and carefully checked by the plant’s op- 
erating personnel and instituted and enforced by the 
plant’s management whereby clean, healthful, dust- and 
fume-free atmospheric conditions are provided and main- 
tained at all times within the plant.”” The same principle 
is applied to respirators and. to medical examinations. 
Proper design of exhaust systems by the plant engineers, if 
possible, or by competent manufacturers is necessary be- 
fore purchase and installation. The system must be de- 
signed to operate at all times when dust removal is neces- 
sary, not merely 75 or 90% of the time and operations. 
Visible dust, though often not as injurious as finer dust, 
must be eliminated, as workmen and courts are often im- 


Industrial medical department: quarters and equipment. : 
found, however, that certain noisy occupations are con- 
ducive to hearing impairment. The influence of noise on i 
the proficiency of workers has been graphically demon- : 
strated, e.g., as the result of a reduction of 14.5% in the 
ai LTOPICsS, 02 DOSpPitais pig: U4 Deas are OVel ea. ne 
service renders care to 186,344 employees. Placement and 
periodic physical examinations are emphasized; records ; 
are kept showing the causes for all disabilities lasting one 37.5%. In another large office, the output of : 
| 
volume in an t or blower system. : 
facilitates especially the calculation of the air flow in a : 
multiple-branch system where the resistance in the inter- 
secting points must be balanced. _ FSM. 
impurities in an wor! , B. recommen 1) 
adequate air movement, generally between 20 and 40 ft. 
per min., (2) variable air movement; (3) a room as cool 
research was conducted by the Saranac Laboratory under 
the direction of Leroy U. Gardner. The procedure and the 
check-over of the final reports are given. Results showed 
that silicosis is not ordinarily an occupational hazard in 
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pressed by the extent of visible dust more than by the 
technicalities of dust counting. Strict regularity in fre- 
quency of dust counting should be observed, and dust 
counts at a distance from the plant give a comparison 
often clearer to courts and juries than the mere figures. 
The procedure eS physical examinations of em- 

loyees should be courageously conducted, i.e., men unfit 
os active work should be transferred to easier work and 
tuberculous employees should be isolated. Objections to 


shortsighted. 
Ibid., pp. 34-37 (July, 1941).—Electrostatic filters remove 
dust ‘particles that pass through mechanical filters, incluc- 

ing those under 10 microns. An efficiency of 85% is re- 
aanted for electrostatic filters at the normal air velocity of 
500 ft. per min. compared with 20% for the best felt filter, 
using the U. S. Bureau of Standards discoloration test 
method. The efficiency rises to 95% at 300 ft. per min. 
Cases are cited in which improved products result from 
electrostatic air cleaning; in welding operations, recircula- 
tion of air without the expense of heating large quantities 
of outside air has been made possible. The Electro-Matic 
filter, combining electrostatic and mechanical filtration, is 
described briefly. Wright Aeronautical Corporation’s 
Lockland Plant—d s views. G. S. WHITAKER. 
Owner’s views. H. E. Linsiey. IJbid., pp. 30-37 (Nov., 
1941).—The air-conditioning system of the new plant, 
which is the largest single-story factory, is fully described. 
Of special interest is the automatic regulation of the en- 
trance of outside air and its heating or cooling as the out- 
side temperature varies. In the heat-treating section, the 
air is not cooled but washed and delivered at high humidity 
and high velocity into just the areas where the men are 
working. Individual air-conditioning units are used in 
small enclosed areas such as the first-aid room. F.S.M. 


Revised occupational disease rating in Ohio. ANON. 
Ohio Industrial Commission Monitor, 14, 118 (Aug., 
1941).—The inclusion of silicosis and other so in- 


creased the claim obligations that the flat two-cent occu- 
pational disease rate was producing inadequate premiums. 
To increase the disease premiums and also to provide an 
incentive for disease prevention in industries where dis- 
ease hazard is prevalent, the law was amended to provide 
for a general disease rate of at least two cents for all classi- 
fications and, in addition, a higher disease rate in those 
classifications where the disease hazard is prominent. Oc- 
cupational disease rates varying from a ininimum of two 
cents in classifications with little or no indicated disease 
hazard to fifty cents where exceptionally high disease 
costs have developed have therefore been established. 
To indicate the disease portion included in the basic rate, 
a symbol specifying the amount of the disease portion is 
shown for those classifications where the disease rate is 
higher than two cents: oil distributors, coal mines (elec- 
trified), lime quarries, and bakeries, 10¢ extra; painting, 
coal mining (not otherwise classified), and planing mills, 
15¢ extra; and brick manufacturing, structural-steel erec- 


tion, and iron foundries, 20¢ extra. F.S.M. 
Simple optical a ce for use with tors. P. 
Kinmont. Brit. Jour. Ophthalmol., 25, 122-24 (March, 


1941).—K. discusses the difficulties experienced with 
the usual procedures for adapting spectacles to the com- 
mon breathing mask. A fitting devised for wear outside 
the mask eyepiece is described. The advantages of the 
device are F.S.M. 

Substitution of ceramics for metals. Harotp D. Kuse. 
Bull. Amer. Ceram. Soc., 21 [1] 8-9 (1942). 

Trends in occupational disease and in industrial hygiene. 
F. S. MALLETTE AND H. B. Meier. Ind. Med., 10 [11] 
466-68 (1941).—During the 6 years from 1935 to 1940, in- 
dustrial hygiene has shown its greatest, most rapid de- 
velopment, and much literature has been written on this 
subject. About 285 journals in this country and abroad 
covered pertinent material. By an actual numerical count 
of articles the four subjects receiving the most attention 
in the literature (1935-1940) are dust, lead, silicosis, and 

skin diseases. Climax years for interest in dust were 1937 
and 1938, each year yielding 76 articles. In 1940 current 
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interest in dust lessened to 46 articles. Silicosis has had 
relatively continuous interest focused upon it. Skin 
diseases show relative increase in published material. A 
marked drop in 1939 was followed by a sharp rise in 1940. 
Ventilation holds a definite interest level, with an in- 
crease in the literature in 1940. During the entire period, 
the number of articles devoted to the genera] subject of 
industrial hygiene practically doubled. 13 —. 


Trends in steam-plant devel ent. A. G. CHRISTIE. 
Combustion, 12 [10] 35-38 (1941).—C. reviews the prog- 
ress in the design of steam power-plant equipment to meet 
advances in steam conditions and operation, the influence 
on economy of generation, and some indications of future 
trends judged by experience with present ome ‘ 
Waste-heat boilers. J. B. Crane. Combustion, 12 [7} 
27-31 (1941).—C. discusses the types of boilers adapted to 
the recovery of heat from exhaust or from wasie gases in- 
cident to industrial processes. Certain fundamental dif- 
ferences between waste-heat and fuel-fired boilers are 
pointed out, and typical calculations are included to illus- 
trate the economics of waste-heat recovery. H.E.S. 
What the nurse should know about industrial health 
hazards. E. A. WANNER. Ohio Nurses Rev., 16, 12-13 
(Jan., 1941).—Besides actual duties in the plant, the nurse 
can be of great assistance to employer and employees 
through contact with the families of employees. Home 
conditions influencing the worker’s efficiency which can be 
prevented can thus be discovered. The company’s wel- 
fare work can be called to the attention of wives. The 
nurse must also lose no opportunity to emphasize the im- 
portance of receiving prompt treatment for wo 


BOOKS AND SEPARATE PUBLICATIONS 


Analyses of Skew Slabs. V. P. Jensen. Univ. Illinois 
Eng. Expt. Sta. Bull., No. 332, 110 pp. (1941). Price 
$1.00.—The behavior of skew slabs of reinforced concrete 
as used in modern highway and bridge construction is 
theoretical); and experimentally investigated. Slab 
bridges having ordinary curbs, two or more lanes of 
traffic, spans of 20 ft. or less, and 45° skews are considered; 
theories are developed for deriving the actual load mo- 
ments at different angles of skew and under different loads. 
Tables show the results of experiments on deflection and 
maximum loads fo. square, rectangular, and rhomboid- 
shaped slabs. M.H. 

Fatigue of Workers and Its Relation to Industrial Pro- 


duction. NATIONAL RESEARCH CouNCIL COMMITTEE ON 
Worx IN Inpustry. Reinhold Publishing Corp., New 
York, 1941. 165 pp. Price $2.50.—This book will be 


useful to business executives, personnel workers, and all 
who have an interest in the increase of production at this 
important time. The purpose of this investigation was to 
determine the physical and mental reactions of industrial 
workers to the conditions to which they are exposed in 
their daily work. It reveals not only the direct causes of 
fatigue but also the psychological origin of strikes, slow 
downs, and voluntary limitation of output by workers. In 
addition to the working conditions in factories, several 
other types are considered, e.g., the effects of working 
at high altitudes, the influence of heat, etc. F.S.M. 
Index to A.S.T.M. Standards Including Tentative 
Standards. American Society for Testing Materials, 
Philadelphia, Pa., 1941. 188 pp. Free. R.A.B. 
Occupational Diseases. RuTHERFORD T. JOHNSTONE. 
W. B. Saunders Co., Philadelphia and London, 1941. 
558 pp., 132 illustrations. Price $7.50.—-While this book 
is intended primarily for the industrial physician, all who 
are interested in the field of industrial hygiene will find 
it interesting and valuable. The first three chapters 
present a succinct summary of the legal aspects of indus- 
trial medicine, a very condensation of scattered and 
voluminous material. Succeeding chapters deal with 
gases, solvents, fumes, metals, dusts, and miscellaneous 
topics. An extensive index is included. er 
F.S.M. 
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THE AMERICAN CERAMIC SOCIETY TRUSTEES 
AND OFFICERS FOR 1941-1942 


President: J. T. Littleton, Corning Glass Works, 
Corning, 

Vice-President: P. D. Helser, 394 S. Lexington Ave., 
White Plains, N. ¥ 

Treasurer: C. Forrest Tefft, The Claycraft Co., Rox 
866, Columbus, Ohio 


Secretary-Editor: R. C. Purdy, 2525 North High St., 


Columous, Ohio 
Past-President: J. L. Carruthers, Ohio State Univer- 
sity, Columbus, Ohio 


Past-President: A. |. Andrews, University of Illinois, 


Urbana, Ill. 


TRUSTEES FROM INDUSTRIAL DIVISIONS* 


Art: L. E. Barringer, General Electric Co., Schenec- 
tady, N. Y. (1943) 

Enamel: J. E. Hansen, Ferro Enamel Corp., Cleve- 
land, Ohio er 

Glass; G. W. are, Geophysical Laboratory, 
Washington, D. C. (1944) 

Materials and Equipment: H. B. DuBois, Consoli- 
dated + N. J. (1942) 

mnegeries J. D. Sullivan, Battelle Memorial Inst., 

Columbus, Ohio (1943) 
Structural Clay Products: A. F. 
Univ. of North Carolina, Raleigh, N. C. (1942) 
Terra Cotta: F. B. Ortman, Gladding, McBean & Co. te 
Los Angeles, Calif. (1949) 

White Wares: P. Hall, Onondaga Pottery Co., 
Syracuse, N. Y. (1944) 

Institute of Ceramic Engineers: H. G. Wolfram, Porce- 
lain Enamel & Mfg. Co., Sones, Md. (1944) 

Ceramic Educational Council: J. W. Whittemore, 
Virginia Polytechnic Inst., Blacksburg, Va. (1944) 


* Date of expiration of term of office in parentheses. 


DIVISION OFFICERS 


Art 
Chairman: 
Orleans, La. 
Secretary: Marion L. om N. Y. State College 
of Ceramics, Alfred, N. Y 


Enamel 
Chairman: 
Product Co., Cicero, II 
Secretary: D. G. Bennett, Mellon Institute, Pitts- 


burgh, Pa. 


Glass 
Chairman: A. K. Lyle, Hartford-Empire Co., Hart- 
ford, Conn. 
Secretary: S. R. snes. N. Y. State College of 
Ceramics, Alfred, N 


Materials and Equipment 
airman: S. S. Cole, National Lead Co., South 
Amboy, N. J. 
Secretary: E. M. Rupp, National Engineering Co., 
Chicago, III 


Refractories 
Chairman: Gilbert Solér, Timken Roller Bearing 
Co., Canton, Ohio 
Secretary: C. L. Thompson, Harbison-Walker Re- 
fractories Co., Pittsburgh, 


Structural Clay Products 
Chairman: J. H. Isenhour, Isenhour Brick & Tile 
Co., Inc., Salisbury, N. C. 
Secretary: G.H. Duncombe, Jr., 150 East Frambes 
Ave., Columbus, Ohio 


White Wares 
Chairman: Ralston Russell, Jr., Westinghouse Elec- 
tric & Mfg. Co., East Pittsburgh, Pa. 
Secretary: F.C. Henderson, Hall China Co., East 
Liverpool, Ohio 


K. E. Smith, Newcomb College, New 


R.L. ig Chicago Vitreous Enamel 


OFFICERS OF THE FELLOWS 
Dean: R. B. Sosman, U. y Fave Corp., Kearny, N. J. 


Associate Dean: Vay, University of Ala- 
bama, University, Ala. 
Secretary-Treasurer: Herbert Insley, National Bureau 


of Standards, Washington, D. C. 


INSTITUTE OF CERAMIC ENGINEERS 
President: £. H. Fritz, Westinghouse Electric & Mfg. 
Co., Derry, Pa. 
Vice-President: H. M. Kraner, Research Dept., 
Bethlehem Steel Co., Bethlehem, Pa. 
Secretary: DuBois, Consolidated Feldspar 
Corp., Trenton, N. J. 


CERAMIC EDUCATIONAL COUNCIL 
President: _ W. Parmelee, University of Illinois, 
na, 
Secretary: R. M. King, Ohio State University, 
Columbus, Ohio 


LOCAL SECTIONS 
Baltimore- Washington 
Chairman: Kenneth M. Smith, Severn Clay Co., 
Baltimore, 
Secretary: W. R. Lester, Maryland Gless Corp., 
Baltimore, Md. 
Central Ohio 
Chairman: C. J. Koenig, O.S.U. Eng. Expt. Sta., 
Columbus, Ohio 
Secretary: M. C. Shaw, Edward Orton, Jr., 
Ceramic Foundation, Columbus, Ohio 
Chicago 
Chairman: H. G. Fisk, Armour Research Founde- 
tion, Inc., Chicago, Ill. 
saeeyy: C. R. Filippi, Illinois Brick Co., Chicago, 


Michigan-Northwestern Ohio 
Chairman: J. A. Foster, 9591 Sorrento Ave., 
Detroit, Mich. 
Secretary: A.R. Decker, Champion Spark Plug Co., 
Detroit, Mich. 
Northern California 
Chairman: G. A. Page, Stockton Fire Brick Co., 
Pittsburg, Calif. 
Secretary: B. W. Wyatt, N. Clark and Sons, Ale- 
meda, Calif. 
Pacific-Northwest 
President: M. D. Saindon, Chehalis Brick & Tile 
Co., Chehalis, Wash. 
Secretary: W. P. Keith, Univ. of Washington, 
Seattle, Wash. 
Pittsburgh 
Chairman: 
Pa. 
Secretary: R. M. Shremp, Lava Crucible Co., 
Zelienople, Pa. 
Southern California 
Chairman: J. G. Stewart, Braun Corp., Los 
Angeles, Calif. 
Secretary: R. H. Martin, Vernon Potteries, Ltd., 
Los Angeles, Calif. 
St. Louis 
Chairman: H. H. Hanna, Pittsburgh Plate Glass 
Co., Crystal City, Mo. 
Secretary: J. H. Ivery, Hydraulic Press Brick Co., 
St. Louis, Mo. 


G. J. Bair, Mellon Institute, Pittsburgh, 
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